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The Technology Application Center (TAC) i s  
one of s i x  NASA-sponsored, nonprofi t ,  re- 
g iona l  cen ters  f o r  the t r a n s f e r  of technology 
t o  indus t ry ,  l o c a l  government, and the  p r iva t e  
s e c t o r  i n  general .  Through TAC, access t o  
m o s t  of the  world's  a v a i l a b l e  technica l  
information is  conveniently and inexpensively 
provided t o  Poten t ia l  users,  regardless  of 
the i r  s i z e  or  technical  i n t e r e s t  a rea .  

Through i t s  professional  s t a f f ,  TAC o f f e r s  
a w i d e  v a r i e t y  of tecnnical  information and 
technoiogical support s e rv i ces .  

You are inv i t ed  t o  contact  the center  d i r e c t l y  
f o r  d e t a i l s  and a discussion of how w e  can 
f u r t h e r  serve your needs. 

Technology Application Center 
University of  New Mexico 
Albuquerque, New Mexico 8 713 1 
( 5 0 5 )  277-3622 
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T h i s  mater ia l  is disseninzted under the 
auspices of the Na t iona l  Aeronautics and 
Space Administration i n  the i n t e r e s t  of 
i n f  o rna t ion  exchange. i?ei t!!er t h e  L'ni ted - 
S t a t e s  government n o r  Lhe University of New 
Mexico assumes any l i a b i l i t y  f o r  i t s  content 
o r  tile use  tnereof .  
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INTRODUCTION 

This  i s  t h e  f i r s t  q u a r t e r l y  update,  f o r  1 9 7 8 ,  i n  Heat 
P ipe  Technology. 

The major por t ion  of  t h i s  q u a r t e r ' s  a c t i v i t y  has been 
i n  t h e  areas of  hea t  pipe a p p l i c a t i o n s  i n  aerospace 
and nuc lear  systems. The c a t e g o r i e s  of gene ra l  theory - . 
and h e a t  t r a n s f e r  have a l s o  experienced an  i n c r e a s e  i n  
a c t i v i t y .  - 

I 

We would a p p r e c i a t e  any comments o r  suggest ions t h a t  
you may have t o  c o n t r i b u t e  a s  w e  endeavor t o  make t h i s  
a more complete and r eade r  responsive pub l i ca t ion .  

G i l b e r t  A .  Rivera 
Technical Ed i to r  

iii 



GUIDE TO USE OF T H I S  PUBLICATION 

A number of  f e a t u r e s  have been incorpora ted  t o  h e l p  t h e  r e a d e r  u se  
this document. They c o n s i s t  of: 1 

1 -- A TABLE OF CONTENTS l i s t i n g  genera l  c a t e g o r i e s  of s u b j e c t  c o n t e n t  
and indexes.  More s p e c i f i c  coverage by s u b j e c t  t i t l e /keyword  and 
au tho r  i s  a v a i l a b l e  through t h e  a p p r o p r i a t e  index. I I 

-- CITATION NUMBERS ass igned  t o  each r e f e r e n c e ,  These numbers; w i th  
t h e  p r e f i x  omi t t ed ,  a r e  used i n s t e a d  pf  page nunbers t o  i d e n t i f y  
r e f e r e n c e s  i n  t h e  va r ious  indexes.  They a r e  a l so  used a s  TAC 
i d e n t i f i e r  numbers when dea l ing  wi th  document o r d e r s ;  so p l e a s e  use  
t h e  e n t i r e  ( p r e f i x  inc luded)  c i t a t i o n  number when corresponding 
w i t h  TAC regard ing  a reference.  An open ended numbering system 
fac i l i t a tes  easy incorpora t ion  of subsequent updates  i n t o  t h e  o rgan i -  
z a t i o n  of  t h e  m a t e r i a l .  In  t h i s  system, numbers ass igned  t o  new 
c i t a t i o n s  i n  each category w i l l  fo l low d i r e c t l y  t h e  l a s t  ass igned  
numbers i n  t h e  previous pub l i ca t ion .  The c i t a t i o n  number o f - t h e  
l a s t  r e f e r e n c e  on each page appears on t h e  upper r igh t -hand-co rne r  
of  t h a t  page t o  f a c i l i t a t e  quick l o c a t i o n  of a s p e c i f i c  term. 

-- A REFEREKE FORMIAT conta in ing  t h e  TAC c i t a t i o n  number, title of 
r e f e r e n c e ,  a u t h o r ,  c o r p o r a t e  a f f i l i a t i o n ,  reference source ,  c o n t r a c t  
or g r a n t  number, a b s t r a c t  and keywords. The r e fe rence  source  , t e l l s ,  
%o t h e  b e s t  of our  knowledge, where t h e  r e fe rence  came from. I f  
from a p e r i o d i c a l ,  t h e  r e fe rence  source  con ta ins  t h e  p e r i o d i c a l ' s  
t i t l e ,  volume number, page number and d a t e .  If for  a r e p o r t ,  t h e  
r e f e r e n c e  source  c o n t a i n s  t h e  r e p o r t  number ass igned  by t h e  i s s u i n g  
agency, number of pages and da te .  

-- An INDEX OF AUTHORS a lphabet ized  by a u t h o r ' s  l a s t  name. A r e f e r e n c e ' s  
a u t h o r  i s  followed by t h e  r e f e r e n c e ' s  c i t a t i o n  number. 
a u t h o r s ,  each au tho r  i s  l i s t e d  i n  t h e  index. 

For m u l t i p l e  , 

-- An I N D E X  OF PERMUTED TITLES/XEYTVORDS a f f o r d s  access  through major 
words i n  t h e  t i t l e  and through an ass igned  set of keywords f o r  each 
c i t a t i o n .  A r e f e r e n c e ' s  t i t l e  i s  followed by t h e  r e f e r e n c e ' s  c i t a -  
t i o n  number. I n  t h e  indexes,  a l l  t h e  words p e r t a i n i n g  t o  a refer- 
ence  a r e  permuted a l p h a b e t i c a l l y .  Thus, t h e  c i t a t i o n  number f o r  a 
r e f e r e n c e  appears  as ma2y times a s  t h e r e  a r e  major t i t l e  words o r  
keywords f o r  t h a t  r e fe rence .  The permuted words run down t h e ' c e n t e r  
o f  a n  index page. The res t  of t h e  t i t l e  o r  keywords appear ad jacenc  
t o  a permuted word. S i n c e  a t i t l e  or set  of  keywords i s  allowed 
o n l y  one - l i n e  p e r  permuted word t h e  beginning,  t h e  end, o r  both 
ends of a t i t l e  o r  se t  of keywords may be c u t  o f f ;  o r ,  i f  space- 
p e r m i t s ,  it w i l l  be continued a t  t h e  oppos i t e  s i d e  of t h e  page u n t i l  
it r u n s  back i n t o  i t s e l f .  A 4 i n d i c a t e s  t h e  end of a t i t l e  o r  set  
of  keywords w h i l e  a / i n d i c a t e s  where a t i t l e  o r  set of keywords 
has been c u t  o f f  w i t h i n  a l i n e .  - 
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I a GENERAL INFORMATION, REVIEWS, SURVEYS 

RP78 10000 INTERNATIONAL BEAT PIPE CONFEREXCE, SECOND, VOLUKES 1 AND 2 ,  1976 

Anon., (CNR,  Rome, I t a l y ) ,  I n t  Beat Pipe Conf, ’nd, Sologna, I t a l y ,  Nar 31-ADr 2 ,  1976, 
Pub1 by E u r  Space Aqency (ZSA S?112), Zloordwifk, Rether lands,  V 2i077, 1976. 

This conferonce contains--74 papers deal ing -wigh -all- a s p e c t s  of heat. ?i$es-; from 
s c i e n t i f i c  fundamentals t o  commercial app l i ca t ions .  The t o p i c s  of t h e  eleven t e c h n i c a l  
s e s s i o n s  a r e :  g rav i ty -a s s i s t ed  hea t  pipes;  low-temperature h e a t  piges;  l i q u i d  n e t a l  hea t  
g jpes ;  h e a t  pipe dynamics: variable-conductance h e a t  p i p e s ;  r o t a t i n g  h e a t  pipes;  heat  
p ipe  ma te r i a l s :  evaporat ive h e a t  -da r s fe r ;  t e r r e s t z i a l  a p p l i c a t i o n s ;  zero-gravi ty  t e s t i n g ;  
and s p a c e c r a f t  app l i ca t ions .  This conference appears a s  two volunes; most of t he  tech- 
n i c a l  papers a r e  included i n  Volume One, ana Voiune Two con ta ins  post-deadl ine papers ,  a 
l i s t  of p a r t i c i p a n t s  and an a u t l o r  index. Individual  papers a r e  indexed sepa ra t e ly .  

(HEAT TILRNSFSR, TEMPERATURE CONTROL, STACCIUiFT, OVERVIEJ?) 

HP78 10001 HEAT PIPES IS EUROPE, THEIR DEVELOPMENT AND APPLICATION, A SURVEY 

Brost ,  O. ,  Xuenzel, W.D., (Stut tgarc ,  Univ, T9, Germany, F.R.1, Maschinemarkt, V 82: 
513-517,  X 3 0 ,  1976, In Gsrlnan 

The a p p l i c a t i o n  of hea t  pipes  has become of i nc reas ing  i n t e r e s t  due t o  t h e i r  
e x t r a o r d i n a r y  a r o p e r t i e s  (h igh  hea t  t r a n s f e r  p rope r t i e s  with small  tem?erature g r a d i e n t s ,  
s p a t i a l  decoupling of hea t  s inks  and h e a t  sources and heat  f l o w  d e n s i t y  t ransformation 
almst without  tem7erature a m p s )  and Lie p o s s i b i l i t y  or’ using hea t  p i p e s  f o r  temper- 
a t u r e  c o n t r o l .  There a r e  many examples €or the devel.opnient and use of hea t  p i p e s  i n  -. 
Europe. 

(HEAT TRANSFER, BEATIXG, REVIEW) 

x ~ 7 a  1 0 0 0 2  HEAT XECOVERY IN .AIR SYSTE‘XS 

(Heat and 7ent  Eng.) , V 50:10, 12-14, N594, 4 r e f s ,  Jan 1977 
Avail : TAC 

N o  a b s t r a c t  a v a i l a b l e  

(HEAT-PIPE, HEAT EXCEANGERS , OVERVIEW) 

H P i a  10003 BEAT PIPES 

J e r m a n ,  R., Obz. ,Mat. F i z . ,  V 24:lO-15, 81, Jan 1977, In  Slovene 

very low and v a r i a b l e  thermal r e s i s t a n c e .  Some a p p l i c a t i o n s  a r e  a l s o  nentioned. 

(HEAT TRANSFER, OPERATION, OVERVIEW) 

The b a s i c  a spec t s  of h e a t  p ipes  a i e  considered. These are conductors of heat  w i t ?  

B p i 8  5 0 0 0 4  !IFAT 3IOFS: A XEW TYTE O F  HEAT TMANSFER E E ! T  

R i c h t e r ,  W . ,  (Tectulische Univ.,  Dresden, Gxnany, 
Fu j inka ,  V 41:632-633, N10, 1976, I n  German 

Sekt ion Energieumwandlung) , Sanka t o  

k s h o r t  d e s c r i p t i o n  of t h e  funct ioning of h e a t  pipes  is given. The a u t h o r ’ s  awn s t u d i e s  
on t h e  use of network aad a r t e r y  hea t  pipes  for hea t ing ,  v e n t i l a t i o n  and a i r - cond i t ion ing  a r e  
presented.  

(NETWOM MTERY BEAT-?IPES , HEATING, ‘ENTIIA?ION I AIR-CONDITIONING) 

c 

HP78 10005 GOVERNMENT FCTU’DING ?OR HEAT TIPS RESZARCX PROMISZS aENEFIT FOR 
DIZC\STS?d 

D i e  Cast .  and X e t .  !.!oulding (a) , ’J 3:7-8. Nl, 2 r e f s ,  J an  - Fob 1977 
Avai l  :TAC 

?Io a b s t r a c t  a v a i l a b l e  

(EVAPO?ATOR DE’iZLOPYENT, SERVICS LIFE) 

1 
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11, HEAT PIPE APPLICATIONS 

11. A. GENERAL APPLICATIONS 

8378 20000 CSSIUM YEAT-PIPE ?IEUTP.AL PARTIC'X STECTRO-WTER 

Brisson,  D.A., (North Carol ina S t a t e  Univ., Dept of Nuclear Engineering, Raleigh, NC), 1977, 
TID-277 05 

cor.r'ined plasma was examined e-erimentaliy.  E lec t ron  cap tu re  c o l l i s i o n s  i n  a cesium charge 
exchar?ge hea t  p ipe  were used t o  a t t a i n  conversion e f f i c i e n c i e s  more than two o r d e r s  of magni- 
tude g r e a t e r  khan previously used s t r i p p i z g  analyzers  f o r  n e u t r a l  ene rg ie s  below 200 5 7 .  
Eff i c i ency  c w r e s  f o r  t h e  cesium hea t  pipe were ob ta ined  exTerimentally f o r  hydrogen and 
deuterium .using a coulutron ion  beam system. The maximurp hydrogen conversion e f f i c i e n c v  
w a s  3.9 x 10-2 a t  500 N ,  and t3e rnaximum deuter iun conversion e f f i c i e n c y  was 4 . 2  x 10-2 
a t  1 0 0  EV. The hydrogen and deuterium e f f i c i e n c i e s  a t  1 0 0  EV w e r e  1.1 x and 4 . 2  x . ' 

lo:?, r e spec t ive ly .  
Neutral  hydrogen energy asasurements were made on t ! e  Slno Bumpy Toras ,  which is a t o r o i d a l  
mi r ro r  machice loca ted  a t  Oak a d g e  National Laboratory.  
were unfolded t o  o b t a i n  ion temperatures for seve ra l  plasma cond i t ions .  The ion  temueza-. ' .  
tures obtained wi th  tl?e cesium hea t  p i p e  energy ana lyze r  corresponded w e l l  t o  pravious t em-  
p e r a t u r e  measurements made with an N2 s t r ipp ing  ana lyze r .  

A new method of examining t h e  energy spec t r a  of n e u t r a l  p a r t i c l e s  escaping a magne t i ca l ly ,  

C e s i u m  loss r a t e s  were measured with a su r face  i o n i z a t i o n  gauge. 

Tkese n e u t r a l  energv spec t r a  

(ENERGY SPECTRA, ELECTRON CAPTURE, CONFINED PWSLYA) 
- -  

HP78 20001 HEAT PIPE: AF'PLICXTIONS 

Jog, V., Yujuxrdar, A.S., ( M c G i l l  Univ., m n t r e a l ,  Canada), J. I n s t .  Eng. ( I n d i a ) ,  
Chem. Eng. Div., V 57:83-88. N2. Feb 1977 
Avail  : TAC 

h e a t  a t  a phenomenal r a t e .  Because of i z s  seve ra l  unique c h a r a c t e r i s t l c s ,  t h e  h e a t  
pipe f i n d s  a p p l i c a t i o n s  i n  d i v e r s e  f i e l d s ,  ranging from solar energy u t i l i z a t i o n  t o  
cryosurgery. The aEp l i ca t ions  and li=cits of t he  h e a t  pi>e a r e  descr ibed and two - 

I 
The h e a t  p ipe  c o n s i s t s  e s s e n t i a l l y  o f  a tube, a wick and a f l u i d  t h a t  can t r a n s f s  

s p e c i f i c  t o p i c s  are-  a i scussed  i n  some d e t a i l ,  v i z ,  a p p i i i a t i o n s  p e r t a i n i n g  t o  s o l a r  
energy u ' i l i za t ion  and uses of coax ia l  hea t  Bipas. 
va r ious  f i e l d s  i n  which t h e  h e a t  pipe can be used e f f e c t i v e l y .  

A p a r t i z l  l i s t  is provided by t h e  

(COAXIAL H-AT-PIPES I ENERGY CONVERSION, R W ?  TRANSFEER) 

11. 8. ENERGY CONVERSION AND POWER SYSTEIIS 

HP78 21000  .?IETHANATION: WITH H I G H  THEX4OD?INAMIC EFFICIENCl ENERGY XECOVERY 

Biery,  J . C . ,  (Los Alamos S c i e n t i f i c  Lab, NM), 2 8  r e f s ,  ;an 1977 

c o a l  i n  two i n g o r t a n t  ways. 'The f i r s t  i s  i n  the nethanator  i tself  where Lbe hea t  p i j e s  . - 
a r e  used for c a t a l y s t  cool ing,  t e q e r a t a r e  control  , and high-temperature i s o t k e r n a l  - 

from 'be xe thana to r  and Iising it t o  ? rehea t  %e keethanator i n l e t  s t r s v n  azd a l s o  t o  
produce steam -Iron condensed water from t ! e  e x i t  stream. The methanator has t h e  follow- 
ing unique c h a r a c t e r i s t i c s .  I t  is composed of a l e n s e  assembly of hea t  g ipes  with s t a c k s  - : - 
of  c y l i n d r i c a l  g e l l e t s  of a c a t a l y s t  such as 9i;\12:3 inti.mately dispersed anong then. 
N i c k e l  c sncen t=a t ion  in k%e c a t a l y s t  s t a c k s  is v a r i e d  f r c m  10 t o  50 ?ezcent  t o  l i r m t  the ~ ~ 

f r o n t  end :=xge=a=-L-c wit iua ::?e :.ethanatDr. :eat is e x t r a c t e d  from t h e  nethanat ion -. 

Heat p ipes  could be u t i l i z e d  i n  t h e  process O f  methanating syntfiesis gas from 

energy recovery.  T h e  second i n m l v e s  r e a v e r i n g  t h e m 1  energy i n  t h e  e x i t  gas s t z e e  - - .  

r e a c t i o n  isot? .erzal ly  a t  temperatures approaching the ugper ope ra t ing  limts of the 
c a t a l y s t  - approximately 7 5 3  t o  3003:<. 
steam b o i l e r  where superheated steam is ?reduced. The 3os t  methanation r ecupe ra to r  i_s 
a unique t!!=ee-c.ia&er r s c s p e r a t o r  Sea t  exchanger. 3ierq-f i s  t r anspor t ed  between the- 
i n l e t  and s u t l e t  ca s  sk-earns f ron  tbe metkar,ator 13 zhe lower cfianners interconnected . 
wit.!? h e a t  ? ipes .  17. Lhe upper chamber condensed water from t>.e a x i t  gas stream is 
t r a n s f e r r e d  ei=her t o  the  i n l e t  stream o r  to steam from 'Ue comiensed water.  Costs df 
t h e  xe thana to r  and t h e  rncuperator  acsear :o b e  scmewnat lower tkan comuar3ble 
uni:s 5esl;ned b y  z: ?=so \la:*iral Cas ' 3 7 . ,  $3' the i r  zethanatzon ? l a m  a t  t h e  -?our 
CopAers " h e  + ~ c _ = , c ~ ~ ~ n  of "p ?Pat : s o ~ ' e r ~ ~ ~ l y  2'- i q - i  *-------.e-= - - =  -L- ..-y.. - s . r , y s - a L 4 -  - ?*iU -.iT 

e f f i c i e n t  r e c u p r a t L o n  of  the  e n e r q  Setsreen :?.e i n l e t  and s u t l e t  qas streams r a k e  '-,he 
a r e s e n t  *ai= a t t r i c r i v e .  

(?!ETHANATION, C O X  GASSIFZCXTICX, CXTXYST COOLI?lG) 

3e:x7 Fs :ransForted Sy :?e heat  ? i c e  i i t o - a  

* 
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H?78 2 l O Q l  DEMAND SENSITIVE ENERGY STORAGE I!I !4OL?EX SALTS 

Nemeck, J.J., Simmons, D.E., Chubb, T.A. ,  (Naval Research Lab., Washington, D C ) ,  American 
Sec t ion  of t h e  I n t e r n a t i o n a l  So la r  Energy Society,  Cape Canaveral ,  FL, Sharing t h e  Sun: 
Solar Tec.hnology i n  the  Sevent ies ,  V 8, 5976, aoeer ,  K . X . ,  ed. 

Heat-of-fusion energ.1 s to rage  and on-demand steam a r e  obtained usinq h e a t  p ipe  tech-  
niques to  t r a n s f e r  hea t  to and from stacked sal t  cans and onto b o i l e r  tubes  wi th in  a 
s ea l ed  "energy s torage-boi le r"  tank for s o l a r  t h e m a l  pcwer p lan ts .  

(HEAT-OF-FUSION, SXERGY STORAGE, ZNERGY STORAGE-BOILER, SALTS) 

HP78 21002 CSEMICXL .XETHODS O F  STORING TRE2MAL ENERGY 

Offenhartz ,  P.O.,  ( E X  Corp., Newton, Y ! ) ,  American Sec t ion  of t he  I n t e r n a t i o n a l  S o l a r  
Energy Socie ty ,  Cape Canaveral ,  FL, Boeer, K.W., ed., Sharing t h e  Sun:  S o l a r  Technology 
i n  the Sevent ies ,  V 8 ,  1976 

r e s t r i c t i o n s  and oppor tun i t i e s .  Second-law oppor tun i t i e s  a r i s e  when the  c o l l e c t i o n  t e m -  
pe ra tu re  exceeds t!!e u t i l i z a t i o n  temperature - i n  t h i s  case  a themochemical ly  d r iven  
h e a t  pump can be used t o  d e l i v e r  cons iderably  more h e a t  than i s  c o l l e c t e d .  
t i o n s  can be chosen to f i t  the ' source  and sink temperatures  so a s  t o  amplifv t h e  inpu t  
hea t .  
d r a t i o n  e q u i l i b r i a ,  chemical hea t  p ipes ,  and amnoniacal s a l t  p a i r s )  a r e  assessed  wi th  
r e s p e c t  ?a e f f i c i e n c y ,  c o s t ,  chemical f e a s i b i l i t y ,  and s u i t a b i l i t y  fcr var ious  c o l l e c t i o n  
and u t i l i z a t i o n  temperatures.  

. 
Thermal energy s to rage  t,hrough chemical r eac t ions  is reviewed inc luding  second-law 

Chemical reac- 

A number of c u r r e n t l y  proposed methods (H2 - generat ion and s to rage ,  hydration-dehy-, 

(CZZXICAL ?SAT-PTPE, C9EXIC3L F S X S I B I ~ I T V ,  TEYPSmTURE SUITPBILITY) . -. 
HP78 21003 SOUR RESIDENTIAL ELZCTXFICXTION WITH HIGEI PERFORMANCE HEAT ENGINES 

S a l t e r ,  R . M .  I (American I n s t i t u t e  of  Aeronautics and Ast ronaut ics ,  NY) , 1975 
Avaii:TAc 

s i o n  f3r re s idences  and o t h e r  bu i ld ings  is considered.  S t i r l i n g  and recupera ted  
Brayton c y c l e s  are i n v e s t i g a t e d  wi th  t h e  forner  favored due t o  c o m n a l i t y  i n  cons t ruc t ion '  
w i th  convent iona l  m a l l  Ot to  cyc le  engines .  Typical  top  t e n p e r a t E e s  of  t h e s e  cyc le s  are 
nea r  b e s t  conpromise between thermodynamic s f f i c i e n c y  vs . s o l a r  c o l l e c t i o n  e f f i c i e n c y .  

- 
The overal.1 system ificlu5es an a r r a y  of sun-following pa rabo lo ida l  c o l l e c t o r s  connected 
by sodium h e a t  p ipes .  aot!! h e a t  and e l e c t z i c a l  S u f f e r i n g ,  c o n t r o l  problems, accoutre-  
zents  ( such  as h e a t  p u p s )  ? o t h e r  h e a t  sources, and o t h e r  electrical  Sources are examined. 
Analogous conversion of furnace  f u e l  energy in to  e l e c t r i c i t y  is considered.  

Appl ica t ion  of high-performance closed-cycle  h e a t  engines  t o  s o l a r  e n e r q  conver-- 

(BRAYTON CYCLE, STIXING EXGIYE , PARABOLIC REF'LECToM) 

KP78 21004 BEAT-IIPE 31SYUTH U S E R ;  EXAMIXATION O F  LASER ACTION AT 4722 ANGSTROOMS I N  
SISIWTB VAPOR 

Walter, W.T., Solimene, ??., (Dep. Electr .  Eng. Electrophys. ,  9o ly tec .b ic  I n s t . ,  3rooklyn, 
XY), Gov. Rep. hnoance .  Index ( U . S . ) ,  V 77:233, X l S ,  1977 
Avai1:TXC 

N o  a b s t r a c t  ava i l ab le  

(aIsxmx AEAT-PIPF,, LASERS) . _  

~ ~ 7 a  2r002 VAPITE - A PRACTICAL SYSTEM FOR PRODUCING HOMOGZNEOUS GMOLIXE-AIR 
XIXTURES 

Harrow, G.X., Mills, X . 3 .  , Thomas, A., Finlay ,  I . C . ,  ( S h e l l  R e s  Ltd,  Ches te r ,  Englana) , - - _  
S A E  ?rear, 1 6  p., 5760564 f o r  X e e t ,  Zune 7-10, 1976 

Thoraton 3esearch  Centre ,  and t h e  Nat iona l  Zngineering Laborator(  to rsauca car e x h a u s t -  
emiss ions  and ixprove f,Jel economy. := achieves b e t t e r  Tixing of  :he ckarqe ente 'r iag . 

Lie engine  by vapor iz ing  the gaso l ine  i n  t h e  i n l e t  system. "eat  f o r  t h i s  purpose i s  
conveyed from t he  exhaust  system by seans of  a h e a t  pipe.  Two Vapipe s y s t e m  have been 7 - 
t e s t e d ,  one i n  which s u r a l u s  hea t  from the exhause is r e j e c t e d  to t h e  cool ing  system . 
o f  t h e  car and the  secsnd i n  which t he  b o i l e r  e f f i c i e n c y  is var i ed  t o  n a i c t a i n  the  # 

cOt rec t  Elow of heat zb tke fnel Vap0riZo-r. 3 0 t h  sysT,err.s oce ra t e  .deli 5-Jt t?,e l a t i e l '  . 
is v e q  xuch c.+.eaper t g  azke than t k e  f c n e r .  The 'Japipe F:ovides cooa .nixture drs- i- 

t r i b u t i o n  and al lows :.+.e engine t o  rir. szcot.".!? a t  weak n ix t - r e s ,  t:7us s e z n i t t i n q  
L,.,,,,, , rnnrm. . ! ,m-n ..,_.._ c c  ~ in OCO~~Z;;..~. ;nB Z Z ~ E C = L C Z S  i~ ~;C:S.USZ = n l ~ ~ i ~ i i s .  J . i i b ~ ~ ~ i i t i a l  j s i . E T ; t S  

have been c b t a i n e d  i n  p r a c t i c a l  i n s t a l l a t i c n s ,  bu t  these  could be even q r e a t e r  i f  

The ';apipe is 3 device :hat h a s  Seen developed j o i n t l y  by S h e l l  ?.esearch L iGted - ,  

_.  

- .  

d 
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were developed i n  which t h e  i n d i v i d u a l  s t r i n q e r  s u r v i v a l  p r o b a b i l i t i e s  were v a r i e d  and 
t h e  r a d i a t o r  system x a s s  was c a l c u l a t e d .  Results a r e  pr2sented for syseem mass a s  a func- 
t i o n  of i n d i v i d u a l  s t r i n g e r  s u r v i v a l  p r o b a b i l i t y  f o r  s i x  caf ididate  c o n t a i n e r  m a t e r i a l s ,  
three cand ida te  hea t  p ipe  f l u i d s ,  t-do r a d i a t o r  o p e r a t i n u  t e n p e r a t u r e s ,  two meteoroid s h i e l d  
t y p e s ,  and two r a d i a t i n g  s u r f a c e  cases. Z e s u l t s  a r e  a l s o  p re sen ted  f o r  r a d i a t o r  r e j e c t  
h e a t  as a func t ion  of system mass, a r e a ,  and lengt!! f o r  t.hree system s i z e s .  

, 

I 
I (THERMOELECTRIC, NUCLEAR-S??.CE POWER , CONCSPTUAL DESIGX) 

HP78 21006 CONCEPTUAL DESIGN OF X =AT PIPE ?ADIATOB 

Bennet t ,  C.A., (Los Alamas S c i e n t i f i c  Lab., NM), Sep t  1977, LA--5939-!4S 

spaca n u c l e a r  aower system. 
a r i g h t  c i r c l r l a r  cme. 
t h e  thernoelecL-ic  nodules t o  t h e  r a d i a t o r  skin t h a t  was com?osed of small-diameter,  t h i n -  
wal led c r o s s  h e a t  p ipes .  
meteoroid.  
r a d i a t i n g  a r e a  a t  t h e  mission end wi th  a miainun i n i t i a l  systern mass. 
c a r b u r e t t e r s  o r  o t h e r  fuel-metering Zevices were developed t o  take naximum advantage 
of t h e  hoiitoger.eous nix tu=es .  
i t y ,  and f l e x i b i l i t y  of o p e r a ; t i o n  a r e  also achieved b u t  power o u t p u t  as somewhat 

A conceptual  des ign  of a v a s t s  h e a t  r a d i a t o r  has been developed f o r  a t h e m o e l e c + s i c  

The des ign  included stz5nqez h e a t  p i p e s  t o  c a r r y  r e j e c t  h e a t  from 

The s t r i n g e r  h e a t  p i ? e s  were a m o r e d  t o  r e s i s t  puncture  by a 

The b a s i c  shape of t h e  h e a t  p i s e  r a d i a t o r  w c s  a frust'a'i' of 

The c r o s s  h e a t  p ipes  w e r e  desiaced t o  provide t h e  necessary unpunctured Seve ra l  des iqn  c a s e s  

S i p n i f i c s n t  iaprovenents  i n  enq ine  warn-up t i m e ,  d r i v e a b i l -  

reduced. ., 
(AUTOMOBILZ ENGINES, W E L  ECONOMY, HEAT-PIPE FUEL VAWRIZER) 

J 

- -  

11. C. ENERGY CONSEXVATION, SOLAR, NUCLEAR, AND OTSER ENEXGY SYSTEMS 

..- -_ 
X P I U  22000 A HEAT PUMP FOR THE INDUSTRY 

Bac.hmann, D . ,  ( V D I ,  F rankfu r t ,  Gemany) , I n 6  ilnz, V 99:44-47,  N3, 3 r e f s ,  Jan 12, 1977, , 
I n  German 

?he a r t i c l e  desc r ibes  %!e design and operat ion o f  a newly developed hea t  pipe sys t ?  - 
t h e  so -ca l l ed  t e m p l i f i e r  - f o r  the production of hot  water (82OC) by u t i l i z i n g  excess 
h e a t  from any a v a i l a b l e  source of hea t  (32OC) which otherwise would be wasted. 

(WASTE-HEAT LYILIZATION , TEMPLITIER) 

SP78 2 2 0 0 1  HEAT PIPES FOR XOSTILZ ENVIRONMENTS I N  ZXEilGY CONSERVATION APPLICATIONS 

B a s i u l i s ,  A . ,  E w e l l ,  G . I .  , (Hughes A i r c r a f t  Ca., Torrance,  CA) , I n  I n t e r s o c i e t y  Energy 
Conversion Zngineering Conference, 12 th ,  Washington, DC, Xug 28 - Seot 2 .  1977, Proceedings,  
.American Yuclear Socieyf ,  Inc . ,  La  Grange Park, I L ,  V 1:493-497 ,  1 9 7 7 ,  (A77-48701  2 3 - 4 4 ) ,  
A77-4 a 7 sa 

Veat Pipes  o f f e r  sany advantzqes for g o t e n t i a l  use i n  snerqy recovery a p p l i c a t i o n s  
u n r e s t r i c t e d  f o m  f a c t o r ,  l a r g e  choice of materials 2nd m t e r i a l  combinations,  an& each 
hea t  a i p e  can ope ra t e  inlependent ly  o r  ir: concert  witn o t h e r  hea t  D i w s  i n  t h e  heat  re- 
covery u n i t .  a program was i n i t i a t e d  t o  develop hea t  p i ? e s  f o r  h o s c i l e  envirorments such 
as s u i f l r  p l a n t s  and c o a l  g a s i f i e r s .  
eva lua ted  fa r  co r ros ive  and a b r a s i v e  environments from 2 0 0 0 C  t3 6O@@C. This stuciv i n d i -  
c a t e d  t h a t  Sea t  p i p e s  can be designed and b u i l t  f o r  heat  recovery,  but compa t ib i l i t v  d a t a  
i n  t h e  envirorment was l ack ing ,  and t h a t  f i e l d  tes t  d a t a  is badly needed. A hea t  p i D e  
t e s t  v e h i c l e  f o r  d a t a  a c q u i s i t i o n  was designed, f a b r i c a t e d ,  and bencn model t e s t s  have' 
been completed. 

Reat p ipe  m a t e r i a l s  and ? o t e n t i a l  coa t ings  were 

- 
X t es t  veh ic l e  is ready f o r  f i e l d  tests i n  s u l f u r  p l a n t s  and c o a l  g a s i f i e r s .  

(HEAT ?SCOV23V, CCRQOSION RESISTXUCZ, EATING C-QUIPY?NT, YATE2IALS) - - -  - 

. -  

3 i e n e r t ,  W. 3. , (Sandia Labs. , Xlbucuerque, :IS) , High l igh t s  r e p o r t  s o l a r  t h e m a l  conv'ersiok 
program c e n t r a l  power ?rejects. Yar 1 9 7 7 ,  SZ!iD--77-3011 

%wee 
p o t e n t i a l  r e c e i v e r  t on f iqu r3 t ions  and t y p i c a l  wick s t r u c t u r e s  f a r  :he heat  pi?es a n d e r  ~ 

development 3r6 shown. 
c e p t s a l  Zesig:: of a t e s t  z~odul s  wit:? a cspaci2.J af 1 !4WT is sketched. 

.- - A so la r - to -qas  hea t  exchanuer Cor a c e n t r a l  r e c e i v e r  -,ewer o l a n t  is discussed.  - 
The ?erfon?.ance of t?.e t ~ n C  vick keatzipe is presented.  A con-. -_ 

(SaL?-T?E?>= CO:XERSIC:T, S O M - . ? . X  '-:EAT ZXc?k' :GZ?;  
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BP'8 22003 HEAT ?IPS CEXTF-U EOL1.X ?.ECEI'.ZP., SE:.IT.WU.U, P9OGPESS ?EPORT, .WRCH 1, 1 9 7 6  - 
AUGUST 31 ,  1976 I 

Bienert ,  W.B., Wolf, D.A., (Dynatherm Cor?. , Cockeysville,  .%I, Xov 1976 
Avail  :TAC 

for a c e n t r a l  r e c e i v e r  sower ? lan t .  The concept is  based on the u s e  of hea t  p ipes  t o  
t r a n s f e r  t h e  concentzatec s o l a r  flux t o  t h e  gaseous working medium of a Brayton cyc le  
conversion system. A n  open a i r  cyc ie  w i c A  recuperator  and a t u r b i n e  i n l e t  t enpe ra tu re  
of 800°C (approximately 15003F)  vas selected as the optimum choice.  It  y i e l d s  a conversion 
e f f i c i e n q  of approximately 32 percent  and an o v e r a l l  solar-to-e1ect:ic e f f i c i e n c y  of 
20 percent .  The l i q h t  weight of gas t u r b i n e  equiprsent opens t h e  p o s s i b i l i t y  of tower 
mounting the e n t i r e  system. Three p o t e n t i a l  :eceiver conf igu ra t ions  have t e e n  i d e n t i f i e d , .  
t w o  of them being of Lbe c a v i t y  t'ype and one being an e x t e r n a l  r ece ive r .  The r equ i r ed  
thermal d i f f u s e r  h e a t  p ipes  use l i q u i d  retai  as being of t h e  c a v i t y  type and one being 
an e x t e r n a l  r ece ive r .  The r equ i r ed  t h e r m a l  d i f f u s e r  hea t -p ipes  use l i q u i d  n e t a l  a s  
t h e  working f l u i d .  h e  optimum s i z e  is approximatfly 5 CX i n  diameter and 2 t o  3 M i n  
length.  The 6esiqn a x s a l  h e a t  f l u x  is 1 0  l W / M  which corresponds t o  a heat  L-ansfer 
r a t e  of 20 KW g e t  hea t  pipe.  ?he L3eore t i ca l  foundations of t hese  b e a t  p ipes  have been 
developed and subscale p r s t s t y p e s  have been b - r b - r l  cs=k.cu OUbbSOOLYIII. -*------e--1 * -  The radial arid axial 
h e a t  f l uxes  of t h e  grototypes net and exceeded Lie requirements for t h e  f u l l - s c a l e  hea t  

(BRAYTON CYCLZ, IiEAT-PIPE TSSTING, HEAT T3ANSE'ER) 

?he o b j e c t i v e  of Liis program is  t h e  development of a solar-to-gas h e a t  exchanger ' 

pipes.  . I  

I 

I 
! 

HP78 22004  XEAT TRANSTORTATION BY 90T WATER PIPE-LINES AT 90 DEGREES CENTIGXADE - -  
Bourguet, J.X., Fischer ,  H . ,  Lancal, L. ,  (Joint PLbl i ca t ions  Research Se rv ice ,  
Arl ington,  V A ) ,  Transl .  I n t o  Engl ish From Tech.  D e  L 'energie  (F rance ) ,  p. 14-18, 
N1, 1976 ,  AD-AO38301, CRREL-TL-576, N77-28453 
Avail  :TAC . This r e p o r t  desc r ibes  t i e  p o s s i b i l i t y  or' t r a n s p o r t i n g  hea t  produced byonuclear 

P p o w e r  p l a n t s  f o r  urban hea t ing  d i s t r i b u t i o n  systems by means of water a t  90 C. - 
(DISTRJC? HEATING,  URBAN PLANNING, HEAT-PIPE HEAT RECOVERY) 

HP78 2 2 0 0 5  SNEXY SAVING XND A I R  POLLUTION CONTROL (WASTE HEAT RECOVERY FRQM 
INCINERATORS) 

Burke, a . ,  KANDV N e w s ,  V 20:30-1,  33, 36, N6, June 1977 
Avail  : TAC 

Xo abstract a v a i l a b l e  

(PASTE-HEAT RECOVERY, HEAT-PIPE RECUPEFATOR) 

FIP-8 22006  HEAT ?.ECOVZRY PAYBACK 

Casey, c . s . ,  ( ~ s o t h e r r n i c s ,  Inc. ,  Augusta, NJ) , BuiLd Syst .  Des., V 74:53-56, N3, :9?7 
Avail  :TAC 

The ~ z f o m n c e  and economics of hea t  pipe h e a t  recovery equipment, p a r t i c u l a r l y  
f o r  i n s t i t u t i o n a l  space hea t ing  and v e n t i l a t i o n ,  a r e  discussed.  A numerical example 
o f  payback consider ing savings a f f e c t e d  i n  e l e c t r i c  power, f u e l  o i l ,  or n a t u r a l  gas 
consumption is included. I t  is  cancluded t h a t  h e a t  pipe hea t  recovery systems a r e .  . 
d e s i r a b l e  and p r o f i t a b l e .  - - -  
(SPACE HZXTIXG, VEXTILATICN, IXSTITLTIONAL EQUIP%NT) - 

* .  - 
9 P 7 8  22007 ESrXLL'ATION OF ?HE L'SE OF 9EAT PIES IN T O W  ?USION .-ACTORS 

- -  
Chi, J.W.H., ( 3 . D A ,  Washington, DC), (Westingnouse Zlectric C ? q . ,  P i t t s b u r g h ,  P A ) ,  
Technoloqy of Controlled Suclear  Fusion, vo lme  i I ,  L976 
Avai 1 : TAC 

t r a n s p o r t  ?roblerns i n  =okarac fusion r e a c t 3 r s .  h a n a l y s i s  was c a r r i e d  out  t o  - - 
e v a l u a t e  t h e  poss ib le  working f l u i d s .  
and 2hosphor-ls. Xowever, :he e f f e c z  o f  nuclear r a d i a t i o n  on these m a t e r i a l s  is  .m.- - . 
known and ,my p resen t  a ?roblem. 

- 
The use o f  hea t  p i p e s  apoears to have the ? o t e n t i a l  for solving d i f f i c u l t  hea t  2 .- - 

B The r e s u l t s  suggested the 'dse of sulphur 
- 

0 -  

'REACTOR C3OLI?IG, ilEAT-?I?E: TEY!Z?d:.TT'?'F :'I:dT?.CL: * 
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4P78 22008 lwXLYSIS, DESIGX, AI:D THEIiMAi ?E??CXQ?4CZ TESTIYG OF A HEAT P I 1 E  T W T  ? U T E  

~ 

COLLECTOR 

Evans, R.D.,  Greeley,  D.X., (F lo r ida  Technoloqical Univ., Orlando, FL) , -4merican Sect ion 
of t h e  I n t e r n a t i o n a l  So la r  Energy Soc ie ty ,  Cape Canaveral ,  FL, ?roceedings of t h e  1977 Annual 
Meeting of t h e  Zmerican Sect ion of t h e  I n t e r z a t i o n a l  So la r  Energy Soc ie ty ,  V 1, Sect 1-13; , 
1977, Beach, C . ,  Fordyce, E . ,  eds.  t 

The a n a l y s i s ,  design and therrnal ? e r Z o m n c e  d a t a  i s  presented f o r  a s o l a r  hea t  pipe , 
f l a t  p l a t e  c o l l e c t o r .  A t h e o r e t i c a l  nodel for  a heat  oiDe c o l l e c t o r  is prs sen ted  and can 
be used t o  p r e d i c t  t h e  thermal performance of such a solar energy c o l l e c t i o n  device.  
d i scuss ion  of t he  design of a prototype s o l a r  c o l l e c t o r  u t i l i z i n g  c i r c u l a r  hea t  p i D e s  
bonded t o  an absorber p l a t e  is presented.  Prel i i i inary pe r fomance  d a t a  i s  presented f o r  
t h e  protot-fie c o l l e c t o r .  The r e s u l t s  of t h e  thermal pe r fomance  experizients i n d i c a t e  t h a t  
h e a t  p ipes  car. funct ion a s  t h e  !?eat 'zansfer  elements i n  a s o l a r  c o l l e c t o r .  Bowever, t h e  
experiments v e r i f y  t!e c r i t i c a l i t y  3 f  t h e  the-mal r e s i s t a n c e s  between the  hea t  p i a e s ,  
absorber  p l a t e  and t h e  h e a t  p ipe ,  c o l l e c t i o n  manifold device.  

A 

'. 
(THEORETICAL YODEL, THZWAL TEST DATA, HEAT T W S F E R  ELEIYEYTS) 

HPia 22009 STUDY OF TECXNICAL OPTIONS AVAILABLE FOR IZECIAIXING HEAT LOST TO THE ATMOSPHERE 
FROM EXISTING ~KECIIANICAL DRAFT COOLING TOWERS Fina l  Report 

. *  

(Gordian Assoc ia t e s ,  I n c . ,  New York, N Y ) ,  Nov 1 9 7 6 ,  PB-261752 

lost  t o  t h e  atmosphere from mechanical d r a f t  cool ing towers. I t  lists a v a r i e t v  of u se fu l  
purposes t o  which t h e  warn water may be put .  The use of hea t  p ipes  f o r  more e f f i c i e n t  
h e a t  exchange i s  descr ibed.  

( W A S T P ,  HEAT RECOVERY, WASTE HEAT UTILIZATION) 

This r e p o r t  i n v e s t i g a t e s  op t ions  a v a i l a b l e  f o r  t h e  recovery of wasteheat c u r r e n t l y  

, 
- -  . 

HP78 22010 VAPIPE - A PRACTICAL SYSTEM FOR PRODUCING SOMOGENEOUS rGASOLINE-AIR ~ ~ ~ _ _ _  
v 

.xxxTuREs - 
Harrow, G.X., Y i l l s ,  W . D . ,  Thomas, A . ,  Finlay,  I . C . ,  ( S h e l l  Res Ltd, Chester ,  England) , 
S A E  Prepr ,  1 6  p., N760564 for X e e t ,  June 7-10, 1976 

Thornton F.esearch Cantre ,  and t k e  Nat ional  Engineering Laboratory t o  reduce c a r  exhaust 
emissions and iaTrove f u e l  economy. I t  achieves b e t t e r  xhx i ig  of t h e  charqe e n t e r i n g  
t h e  engine by vaporizing t h e  gaso l ine  i n  t h e  i n l e t  system. Beat for t!is purrose is 
conveyed from t h e  exhaust  system by means o f  a h e a t  pi?e. Two Vapipe systems have been 
t e s t e d ,  one in which surTlus hea t  from t h e  exhaust is r e j e c t e d  t o  tke coo l ing  system 
of t h e  c a r  and t h e  second i n  which the  b o i l e r  e f f i c i e n c y  is va r i ed  t o  maintain the 
c o r r e c t  f l o w  of h e a t  t o  t h e  f u e l  vapor i ze r .  30th systems opecate  w e l l  b u t  t h e  l a t t e r  
is very much cheager t o  make Lhan t h e  former. The Vapipe provides good inixture d i s -  , 

t r i b u t i o n  and al lcws the engine t o  r'm smaothly a t  weak n i x t u r e s ,  t hus  pe rmi t t i ng  
iir.provements i n  f u e l  sconomy and reSuct ions i n  exhaust  emissions.  S u b s t a n t i a l  Denefits  
:Isc:e 5e5n s b t a i n e a  rn ? r a c = i c s l  izataLlctLcns,  b u t  t hese  could b e  even q r e a t e r  i f  
5 3 rb u:e t t e  r s o r  o t n e  r f.Je L - m e  t e  :I z g ce7:;cas were 2.aveloped t o  take maximum advantage 

i c y ,  a n i  f l e x i b i l i t y  of opeza ; t i on  a r e  a l s o  achieved bu t  power ou tpu t  Fs somewhat 
reduced. 

(AUTOMOBILZ ENGINES, ?UEL E C O N O M ,  HEAT-PIPS FUEL VA1ORIZER) 

The Vapipe is  3 device t h a t  has been developed j o i n t l y  by S h e l l  Research Limited, - 

e- -i &l- &..e hcxcgeneous arxzures .  S ~ g n i f i c a n t  xnprcvements i n  engine warm-up t i re ,  d r i v e a b i l -  

. _  

- - -  HP78 22011 EXEIZGI RECOVERY SYSTE-XS FOR HOSPITAL USE 

Kenss t t ,  X.G., (Xelsh Health Tech. S s r r i c e s  Organization, C a r d i f f ,  Wales) , Xosp. 
Eng., V 30:3-12, J u l y  1976 
Avail  : TAC - 

Xo a b s t r a c t  a v a i l a b l e  

(HOSPITAL ZXGINEEXING , ,EIERMAL 'i?€iEEL , BEXT-?I?S RECUPFRATOR) . -  

- .  - .  

~ .- - 3P78 22012 AP?LXCITION OF HEAT ?IPES TO GZOUXD STO2AG2 OF SOLAR ENERGY 

Kro l i czek ,  Z.J.,  (a 6 it Ing inee r inq ,  I n c . ,  -Towson, X D ) ,  Yuan, S . W . ,  aloom, A.X., :(Georqe ~ 

washington Cn ive r s iy r  , Washington, 9C)  , American I n s t i t u t e  of  .Aeronautics an& Astronaut+ 
The-mophysics Csnference,  12 th ,  Albuquerque, !IN, XI= paper 77-729, 6 p,, Zune 27-29, 
1977, X77-39507 0 -  

A h e a t  ? i ? e  concept des i -  f o r  app l i ca t ion  t o  r e s i d e n t i a l  s o l a r  e n e r q  s w r a a e  ~ 

J ~ ~ I 1  u c ~ e ~ ~ + ~ ~ .  ..I.= bjcrsic f e a s i j ~ l i ~ y  si Gie coi1l;e-pi l ids  Eeen 6ernonsczaced ;n 
:3rototgce t e s t i n g  at Seorqe Washlngt3n f n r v e r s l t y .  ??.e i e s l g n  Inco-Torates t h e  
sinplicr::r and hick sfficiency of  =.".e h e a t  ?:;e zocet.*.ez wi?h c u r r e n t  heat  p i F e  :hemal 
cor.=rol t e c t n r q u e s  m d  an s x t a r z s l  ?u:.? d-sist f a r  !.~.culd r ~ t ~ ~ r n  a q a i n s t  gravzlry: As 
ccnf rqu red  t h e  hea t  ? i ? e  s y s t e i  ?rovides  :.*.e c3pabrl:t.i 3f  t r s n s f e r r z n g  heat  ::om s o l a r  

- - -  L--- 2 _ _ - - 7 - - - _ 3  1 L -  



i 22016 

c o l l e c t o r s  t o  an enerqy s to rage  a r e a  and points  of u t i l i z a t i o n  wi th in  a s i n g l e  hea t  I 

t r a n s f e r  e l enen t .  -111 c o n t r o l  f - l r c t i c n s  a r e  inherent  i n  the  h e a t  p i p e  cons t ruc t ion  
including automatic shutdown of t n e  s o l a r  c o l l e c t o r  zone wheri p o s i t i v e  ne= energy f l o w  
i s  no t  achieved. Pumping power requizaments a r e  minimal and needed only du r ing  solar 
i n p u t  per iods.  Future  cesiqns could u t i l i z e  solar energy t o  d r i v e  t h e  pump. ? i n a l l y ,  
the h e a t  piae system can b e  i n t e r f a c e d  wit!! any one or combination of household hea t  ~ 

hea t  pumps. This aaper  desc r ibes  *be concept,  t h e  d e t z i l s  o f  a prototype Cesign and 
the  r e s u l t s  obtained with a s i n u l a t e d  ground storage t a s r  system. 

t r a n s f e r  mediums inc lud ing  a i r ,  hot  water or working f l u i d s  from a i r  cond i t ione r s  or ' i  

(HEAT-PIPE XEAT RECOVERY ENVI2ONMZNTAL C3NTXOL, DESIGN) 

I 
HP78 22013 SOME XSTSCTS OF XATURAL GAS CONSERVATION 

P r o f f i t t ,  R., ( B r i t i s h  Gas Cor?., London, England),  Gas gng. tianaqe., V 17:190-i94; N 6, 

It is shown how L!m energy supply and u t i l i z a t i o n  s i t u a t i o n  has changed over  t h e  years',  
n e c e s s i t a t i n g  Lbe urgent  a c t i o n  f o r  f u e l  conservat ion.  F i au res  taken from o f f i c i a l  sources  
unde r l ine  t h e  reasons i n  a d d i t i o n  t o  f u e l  pr ices  why t h e  s i t u a t i o n  has caused tbe aoverrment 
t o  ernbark on an extremely exoensive p u b l i c i t y  campaign ' save i t . '  Combustion of n a t u r a l  
gas is considered,  and a f l u e  loss  c h a r t  isx?everoped. T h i s  f l u e  loss c h a r t  is simole t o . .  
use ,  showing a t  a glance the thermal e f f i c i ency  of p l a n t  from simple f l u e  qas information. 
B r i t i s h  gas is making a l a r g e  and valuable  con t r ibu t ion  t o  n a t u r a l  aa s  conservat ion i n  many 
d i r e c t i o n s  such a s  leakaqe c o n c o l  on mains, t echn ica l  consul tancy s e r r i c e ,  educat ion of 
customers i n  f u e l  u t i l i z a t i o n  and with developments f o r  i n d u s t r i a l  u t i l i z a t i o n  (self-racu: 
p e r a t i v e  bu rne r ,  r a p i d  metal h e a t e r s ,  etc.). In  p r a c t i c a l  terns, i tems of ? l a n t  can be 
u t i l i z e d  more e f f i c i e n t l y  and c a r e  can be taken i n  planning production. ? h e  use of new Z e v i c e s  
i .e. ,  thermal wheels and h e a t  pi?es .  provides neb tools t o  help t h e  f u e l  enqineer  conserve 
eaergy . 
(ENERGY CONSERVATION , FLUE GAS, SELF-RECJPSRATfVE BURNER,  TAL HEATERS) 

June 1977 I EDB-78-02 

.. . 
c - 

HP78 22011 TRE HEAT PIPE HEAT EXCSANGZR: A TECHNIQUE FOR WASTE XEAT ZCGVERY - 
m a y ,  D.A. , ( I n t e r n a t .  R e s .  and Dev. Co. Ltd. , Fossway, Newcastle Upon Tyne, England) I - 
Heat and Vent. Eng. (a), V 50:7-9, 15941 2 n f S ,  Jan 14, 1977 
Avail:?AC 

No abstract a v a i l a b l e  

(PROCESS HEAT, SP.AC2 HEATING, BEAT EXCi&YGER) 

XP78 22015 HEAT PIPE APPLIANCES 

R i c e ,  J.7.. (Southern C a l i f o r n i a  Cas Company, Los Anqeles, C A ) ,  S e a r i g h t ,  E.?., (Research 
Tr i ang le  I n s t . ,  Research Triangle  ?ark,  ?IC), Ryer, F.A., Symposium on Environment and 
Energy Conservat ion,  Aug 1 9 7 6 ,  EPA-600/2-76-212 

Recent awareness of tSe  e x t e n t  of er,erqy snor t ages  i n  ?Lis count,lr has increased the  
recognicion of t!!e necess i ty  of desiqninq appliances which a r e  capable  of ?roviding sia- 
n i f i c a n t  r sduc t ions  i n  energy consumption. T h i s  shculd.  however, be accomplished without 
s a c r i f i c i n g  t h e  e c o l c g i c a l  objeczive of reducing emission of t o x i c  gases 3r vauors.  
The hea t  p ipe  appl iances  discussed accomulish these o b j e c t i v e s .  Xeat pipes  have 5een 
combined wizb forced combustion and j e t  bpinqement hea t  t r a n s f e r  t o  produce a ?roup of 
gas - f i r ed  r e s i d e n t i a l  and c o m e r c i a l  appliances.  These app l i ances  u t i l i z e  t h e  isothermal  

of  forced combustion systems t o  ?rovide improved perfo-mance compared t o  contemporary ' 

equipment. Included i n  these appl iances  a r e  a commercial g r i d d l e ,  an oven for r e c o n s t i t u -  
t i o n  of f rozen  foods,  a deep f a t  fryer,  and a water h e a t e r ,  t - ical  t e s t  d a t a  for t hese  _ _  .- 
app l i ances  show carbon monoxide l e v e l s  of 10 to  1 0 0  ?OM and t o t a l  oxides of .?itroqen-con-- : 
c e n t r a t i o n  o f  5 t9 2 0  -,gm. c so l inq  e f f i c i ency  for t h e  oven was improved from less tkan 
4 2 4  f o r  convent ional  equlgment to 532. ?or  L-,ke water  h e a t e r ,  both  operat inq m d  standbv 
Losses w e r e  reduced x i r h  :!-.e csmbustion d f f i c l ency  inc:eased f rom 792 t3  over 903; S i n i l a r  
improvements were accomplished for t h e  o t h e r  appl iances .  These appl iances  illnstrate 
t h a t  hea t  p ipes  can =e appl ied i n  SJsefu: and ? r a c t i c a l  desiuns t o  ?rovide products sl'ith 
s i g n i f i c a n t  advantages over conventional appi iances .  Including improvements i n  efficgency. - 
acd emiss ions ,  while 9roviding c n i f o r x i t y  of temDerature and k e c t e r  temperature c o n t r o l .  

c h a r a c t e r i s t i c s  0,' hea t  pipes  toqerher  with t h e  i nhe ren t  S i ah  e f f i c i e n c y  and Low emiss ions -  ~ . -  

> .  

- 

Rozhov, I . A .  , Gri l ikhes ,  ' I . X . ,  Celiotekh-ika,  p .  56-63, X 2 ,  1977, A77-3777L,  In  2ussian . 
S O  a b s t r a c z  a v a l l a b i e  
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HP78 22017 AEROSPACE AND HVACiR SPINOFF 1977 - REAPING THE DIVIDENDS - 
SEATING, VENTILATION,  A I R  C O N D I T I O N I X G ,  -LID I(EFXIGE.SATION 

Ruzic, N . P . ,  (aS1, Washington, sc),  ASiiRRE Zournal, V 1 9 : 3 0 - 3 5 ,  Aug 1977, A77-45918 
AVAIL : TAC 

I n d u s t r i a l  a p p l i c a t i o c s  of U.S.  space tec.%ology are discussed.  Topics inc lude  
a e r i a l  reconnaissance therxograms t o  determine n e a t  l o s s e s  from b u i l d i n g s ,  c a p i l l a r y  
h e a t  p ipes  *.sed t o  i s s u l a t e  o i l  p i p e l i n e s  o r  recover  h e a t  from cfi&ey f l u e  l o s s e s ,  
analyses  o f  n a t e r i a l s  subject t o  high-temperature s t z e s s ,  analyses  o f  c i s e p  f a t i g u e s ,  
computerized design a i d s  f o r  f ans ,  h e a t  exchiangers and p ip ing  systems, a l m i n i z e a  
mylar i n s u i a t i o n ,  s o l a r  ce l i s  and c o l l e c t o r s ,  and f u e l  c e l l s .  NASA InduscrLal 
Applicat ions Centers, whe:e t e c h n i c a l  i n fo rna t ion  is made a v a i l a b l e  t o  t h e  pub l i c ,  a r e  
l i s t e d ;  t!!e a v a i l a b i l i t y  of p a t e n t s  f o r  l i c e n s i n g  is a l s o  discussed.  

(CAPILLARY HEAT-PIPES, 'WASTE HEAT RECOVERY) 

HP78 22018 TWO-?FIASE WORKING F'LUIDS FOR THE TE'XPEFATUAE RANGE 10O-35O0C - I N  HEAT 
PIPES FOR SOLAR APPLICATIONS 

Saask i ,  E.W., (Sigma Research, Inc. ,  Richland, W A ) ,  Tower,  L., (NASA, L e w i s  Research 
Center ,  Cleveland, OH) , American I n S t g t U t e  ofAer-onautics andiAs.tron_autA,s-TheT?aophy.sics 
Conference. 12L5. Albuquerque, XM, XIAA paper 77-75;. 3 p . ,  June 27-29 ,  1 9 7 7 ,  NASA 
supported r e sea rch ,  X77-37266 
Avail  : TAC 

The decomposition and co r ros ion  of two-phase h e a t  t r a n s f e r  l i q u i d s  and metal  
envelopes have been i n v e s t i g a t e d  on t h e  bas i s  of molecalar ,  bond s t r e n g t h s  and chemical 
thermodynagrcs. P o t e n t i a l l y  stable nea t  t r a n s f e r  f l u i d s  for  t h e  temperature range 
1 0 0  t o  250 C have been i d e n t i f i e & ,  and reflux h e a t  p i p e  tests i n i t i a t e d  with 1 0  f l u i d s  -. 
and carbon s tee l  ar.d a l m i n u n  envelcpes t o  experimentally e s t a b l i s h  co r ros ion  behavior 
and nozcondensable gas g e n e r ~ t i o n  races. 

., 

( ?eFLtiX HEZT-PIPE, CARBGN STEEL ALUMINUM, GAS GENE3ATION) 

HP78 22019 S O U R  RESICENTIAL ELEtTRIFIC..TION WIT?! H I C I  ?E.WOR!!iCE HEAT ENGINES - 
S a l t e t ,  R.X., (Xmerican I n s t i t u t e  of Aeronautics and As t ronau t i c s ,  XY) , 1975 
Avail  : TAC - 

Appl i ca t ion  of .-high-pe:fornance closed-cycle h e a t  engines. t o  s o l a r  energy .conver- 
s i o n  for rosidences and o t h e r  bu i ld ings  is considered. S t i r l i n g  and recugarated 
Brayton c y c l e s  are i n v e s t i g a t e d  wi th  the  fomer favored due t o  coxrmonality i n  cons t ruc t ion  
wi th  convent ional  small Otto cfcle engines .  Typ ica l  top temperatures of t hese  cycles  are 
nea r  b e s t  compromise Setween therinodynamic e f f i c i e n c y  5rs. s o l a r  c o l l e c t i o n  e f f i c i e n c y .  
The o v e r a l l  system inc ludes  an a r r a y  of sun-following pa rabo lo ida l  c o l l e c t o r s  connected 
by sodium h e a t  pipes.  30L! hea t  ar-d e l e c t r i c a l  bu f fe r ing ,  c o n t r o l  problems, accoutre- 
ments (such as h e a t  pumDs) , o t h e r  h e a t  S O U ~ C O S ,  and o t h e r  e l e c t r i c a l  sources a r e  examined. 
.?malogous conversion of furnace fcel  energy i n t o  e l e c t r i c i t y  is considered. 

(SRAYTON CYCLE, STI-SLING EXGINE , PARABOLIC REFLECTORS) 

a x a  2 2 0 2 0  RFCLAIIIING DIXTY E.UACST XEAT 

S c h u l t z ,  G . V . ,  Fact Xanage, V 10:15-17, 242, Feb 1977 

Shop a i r  con ta ins  contaminants. Some are carcinoqenic  or t ox ic .  But a NIOSH- 
sponsored s tudy  snows t h a t  356 o u t  of  314 compounds can be r e c i r c u l a t e d  f o r  p l a n t  energy - 
savings.  Two d i s t i n c t  s o l u t i o n s  have recenrly aupeared. The f i r s t  cont inues t o  expel1 
process-contaminated a i r  from che b u i l d i n g ,  while adding on some kind o f  hea t  t r a n s f z r  

Avai l  : TAC . .  

c 

- 

device t o  w a n  co ld  m;ikeup a i = .  The second con ta ins  warn a i r  w i th in  t h e  b u i l d i n g  (or 
coo l  a i r ,  if i t ' s  s m e r )  ,. r e l y i n g  on nechanical or e l e c t r o n i c  c l e a n e r s  t o  s a f e l y  - 
r e c y c l e  it. The f i rs t  =---e includes:  hea t  recover! w h e e l s ,  exchances c h a t  can :ecovery 
and ?recess ap :o 3 0 4  of exhaust scream snerqy and can kandle co r ros ive  environments 
and ZenFeratnres r o  ~ s o o ~ ? ;  s t a t i c  a i r - t o - a i r  h e r t  exchacqers surrounding the  t i imus t -  = 
ai: ducz,  u s i c c  condllction t o  t r a n s f e r  s n e r q  without  crcss-contamination m d  a t  an 

- i c r ency  a p p r ~ a c n r c q  80% ; hea t  p i ? e s ;  recgperators .  "he second approach includes dry 1. 
c e n t r i f u g a l  a i r  c i e a n s e r s  ( t h e i r  l i m i t a t i o n  zs ? a r t i c l e s  below LO *i rn) : wet c o l l e c t o r s ,  . 
i nc lud inq  sc=**5ers; fzbr:ic coLLec=ors !qc3d fsr  Sot5 Large and small p a r t i c u l a t e s )  :e -- - - 
e l e c t z o s t a t z c  = r o c r p i t a t o r s ,  w h i c h  czz t zoa t  is.oke, c a s t ,  femes, o r  a i l  m n l s t ,  capturrr.. 
about 99% of aizbor?.e 3a:zicnlates frzm 3 . 3 :  2 1: EO io0 L: 1. Severa l  examples 3f - 
a s p l i c a t i c n s  of  ::lese syscens 3ze CescriLed. 

~. 

c 

~. 

0 -  

8 
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HP78 22021 MODELING O F  A HEAT-PIPE OPE?ATED FiE.ZUPL STORAGE CEVICE 

Yang, W . J . ,  L s e ,  C.P . ,  (Univ. of .Xichigan, Ain Arbor, MI1 , ASHRAE Trans. ,  V 8 2 : 6 3 4 -  
6 4 3 ,  1976 

1 j 
I 
I 
j 

Avail  : TxC 

formance of fusion-type t h e m 1  s to rage  devices operated by h e a t  pipes.  
s a t i o n  p a r t  of t he  hea t  p i p e  is  enbedded i n  the s t o r a g e  unit, while  t h e  evaporat icn end 
is i n s e r t e d  i n  the  s o l a r  c o l l e c t o r  or i n  tfie s o l a r  loop. Considerat ion i s  given t o  s a l t  
hydrates  and e u t e c t i c  f l u o r i d e  mixtures of a l k a l i  and a l k a l i n e  e a r t h  metals a s  s to rage  
m a t e r i a l s  i n  t h e  ves se l  of c y l i n d r i c a l  o r  sphe r i ca l  cons t ruc t ion .  Nurcerical r e s u l t s  a r e  
obtained by neans o f  a d i g i t a l  computer f o r  t;?e t r a n s i e n t  response o f  t h e  s to rage  mediuin 
to a s t e p  change i n  t!!e hea t - ca rz i e r  tenperature  i n  t h e  h e a t  pipe.  
phys i ca l  parameters governing the  dynamic c h a r a c t e r i s t i c s  of t5e  hea t  s to rage  u n i t  a r e  
i d e n t i f i e d  and their r o l e s  determined. 
t o  i n l e s t i g a t a  o t h e r  types of thermal response o f  t ie  s t o r a g e  systems. 

An e x p l i c i t  f i n i t e - d i f f e r e n c e  formulation is  app l i ed  t o  s imula t e  t h e  dynamic pe r -  ' 

The' conden- 

The dimensianless 

The fornulat ion is gene ra l  and may be app l i ed  

'* 
(EUTECTICS, X S  I O N  HEAT , NUMERICAL S O L L T I O N ,  T I I E W  STORAGE) 

m a  22022 TUBULAR EVAC'JATED soma CCTLZCTQF. ~JTILIZIMG x HEAT PIPS AS MSORBER 

Ortabas i ,  U. , (Corning G l a s s  Works Research and Development Labora to r i e s ,  Corning, NY) , 
Cooperation Xediterraneenne Pour L'Energie So la i r e ,  Revue I n t a r n a t i o n a l e  D'Heliotechnique, 

Avai1:TAC 
A h e a t  pipe evacuated t u b u l a r  s o l a r  c o l l e c t o r  has  Seen b u i l t  and t e s t e d .  Based on - 

t!!e p resen t  design,  it p e r f o m s  somewhat less e f f i c i e E t l y  than a f l a t  p l a t e  i n  a vacu*m -.  
for t enpe ra tu res  less zhan 125%. 
temperature of ope ra t ion  so t h a t  it performs b e t t e r  af t eFpe ra tu res  q r e a t e r .  Lkan 125'F. 
Improvenents may be g o s s i b l e  given b e t t e r  mi rmr  f a b r i c a t l o n ,  hea t  pipe aesign, 
and a n t i r e f l e c t i o n  coa t ings .  

p.  14-17 ,  N2, 1 9 7 6 ,  E ( 1 1 - 1 ) - 2 6 0 8 ,  A77-42961 

EIowever, i t s  ?arforinance is less dependent on t h e  

(CONVECTIVE HEAT TRILVSFER. ENERGY CONVEMION) c 

HP78 22023 METHANATION: WITB HI= TRERMODYNAMIC EFFICIENCY ENERGY RECOVERY - 
B i e r y ,  J . C . ,  (Los Alamos S c i e n t i f i c  Lab, NM), 2 8  r e f s ,  J a n  1977 

Heat p i p e s  could be u t i l i z e d  i n  t h e  process of methanating syntfiesis gas from 
c o a l  i n  two i n p o r t a n t  ways. The f i r s t  is  i n  the methanator i t s e l f  where t!!e h e a t  p ipes  
a r e  used f o r  c a t r l y s t  cool ing,  temperature cont:ol, and high-temperatcre i s o t h e r m 1  
energy recove-?. The second involves  recovering thermal energy i n  t h e  e x i t  ?as stream 
from t!e xe thana to r  and us ing  it t o  ? r -hea t  the methanator inlet  stream and a l s o  t o  
produce steam from condensed water from the  e x i t  stream. The methanator has t h e  follow- 
i n g  unique c h a r a c t e r i s t i c s .  I t  is composed of a dense a s senb ly  of h e a t  p ipes  with s t a c k s  
Of c y l i n d r i c a l  p e l l e t s  of a c a t a l y s t  such as X i A 1 2 0 3  i n t i m a t e l y  d i s p e r s e d  among them. 
Nickel  c o n c e n t r a t i o n  i n  t!!e c a t a l y s t  s t a c k s  i s  v a r i e d  from 10 t o  50 Fercent  t o  l i m i t  t h e  
f r o n t  end ternperatu=e wi th in  t h e  methanator.  tieat is e x t r a c t e d  from t h e  rnethaRation 
r e a c t i o n  i s o t h e - q a l l y  z t  tsmperatures  approaching the  upper o p e r a t i n g  l i m i t s  of  t h e  
c a t a l y s t  - approxirnatelp 750 t o  80O'ic. Snergy is t r a n s p o r t e d  by t!e hea t  p i p e  i n t o  a 
steam b o i l e r  where superheated steam is produced. The p o s t  methanation recuperator  is 
a unique th ree -cha rbe r  r ecupe ra to r  hea t  exchanqer. Enercjy is t r a n s p o r t e d  between che 
i n l e t  and o u t l e t  gas st reams from the  aethanator  i n  t h e  l o v e r  cha rhe r s  i n t e rconnec ted  
w i + h  h e a t  p ipes .  In t h e  u p p e r  chamher condcr.sad water from the e x i t  gas stream is 
t r a n s f e r r e d  e i t h e r  t o  t h e  i n l e t  s t ream or to steam from the  condensed water .  Costs of 
Lhe methanator and t h e  r e c q e r a t o r  appear t o  be somewhat lower than comparable 
u n i t s  designed by 21 Paso Yatural  Gas Co., f o r  t h e i r  meL5anation g l a n t  a t  t he  Four 
Corners a r e a .  The ext:action of t h e  h e a t  isothermally a t  high temperature and t h e  
e f f i c i e n t  r ecupe ra t ion  of t h e  energy between the i n l e t  and o u t l e t  gas streams make t b s  - - : 

- 

p r e s e n t  u n i t  a t t r a c t i v e .  

(XETYANATION , C3AL GXSSiFICXTiCS, CATALYST C 3 0 L i N G )  

3p73 7,2924 D E . W D  SZNSITI72 ZXERGY STORAGE IN FOLTSN SALTS 

- -  

e 

# .- - - 
Nemeck, J.J.,  S i m o n s ,  D.S., Ckubb, T . A . ,  (Naval Research Lab., Washington, DC), :American_ 
S e c t i o n  of t k e  i f i t e r z a t i o n a l  So la r  Energy Society,  Cape Canaveral ,  ?L, Sharing t h e  Sun:. 
S o l a r  Technoloyl i n  :he Seven t i e s ,  'I 3 ,  1976. 3oee r ,  K.:?., ed. 

3eat-of-fus;on enercjy s to rage  and m-demand steam a r e  ob ta ined  usinq hea t  piue tech-;; 
niques t o  t r a n s f e r  h e a t  t o  and f z c m  stacked salt cans and onto c o i l e r  tabes within a - 
s e a l e d  "energy s to raqe -bo i l e r "  tank f o r  solar :hemal power p l a n t s .  

(HEAT-OF-FUSION , E?IERGY STCRAGE , ENERGY S T O R A G Z - B O I E R ,  SALTS) 

9 



HP78 23000 CONCE?TUAL DESIGN QF A SEAT PIPE: RADIATOR 

Bennett ,  G.A., ( L o s  Alamos S c i e n t i f i c  Lab., m),  Sept  1977, IA--6939-MS . 
A concepttlal  design of a waste hea t  r a d i a t o r  has been developed for a t h e r n o e l e c t r i c  

soace nuc lea r  powex system. The b a s i c  shape of t h e  hea t  p ipe  r a d i a t o r  was a frustum of I 

a r i g h t  c i r c u l a r  cone. The design included s-Linger hea t  p i p e s  t o  c a r q  r e j e c t  hea t  from 
t h e  thermoelec+:ic sodu les  t o  t!e r a d i a t o r  skin t h a t  was composed of small-diameter ,  t n i n -  
walled c r o s s  hea t  p ipes .  T!w s r r i c q e r  h e a t  pipos w e r e  arnored t o  r e s i s t  puncture by a 
s e t e c r o i d .  The c r o s s  hea t  ? i?es  iere r'esiozed t o  provide +e ?ecessary unpunctured I 

r a d i a t i c g  a r e a  a t  t5e n i s s i s n  s -2  w i t h  z zizi~s! i n i t i a l  sys t en  x s s , .  Severa l  2esign cases  
were developed i n  which t h e  ind iv idua l  s t r i z g e r  surviTa1 p r o b a b i l i t i e s  w e r e  va r i ed  and 
t h e  r a d i a t o r  system nass  was c a l c u l a t e d .  2 E i u l t s  bze ? r s sen ted  f o r  system mass a s  a func- 
t i o n  of i n d i v i d u a l  s t r i n g e r  s u r v i v a l  p r o b a b i l i t y  for si5 candidat2 c o n t a i n e r  i m t e r i a l s ,  
t h r e e  cand ida te  hea t  p ipe  f l u i d s ,  two r a d i a t o r  o p e r a t i n g  temperatures ,  t - o  meteoroid s h i e l d  . 
types, and two r a d i r t i n g  su r face  cases. R e s u l t s  a r e  a l s o  presented f o r  r a d i a t o r  r e j e c t .  . 
h e a t  as a func t ion  of system mass, a r e a ,  and l e n g t h  f o r  t h r e e  system s i zes .  

I 

(?HERMOELEC'2RICI hTCLEAR-SPACE ?OWER, CONCE?TUU DESIGN) 

8 3 7 8  23001 DEVELOPMENT AND QUALIFICATION OF PCX THE.WAL CAPACITORS, PA23 2 .  DEVELOPMENT 
OF PCY T H E W  CAPACITOR PLATFORYS AXD PCM THERMAL CVACITOR RADIATORS - 
SATELLITE TSNPERATURE CONTmL. r ' i na l  Report 

-. 
3laser, P. , Hauser, G. , S t r i t t m a t t e r ,  X. , (3onn aundesmin. Fuer Forsch. U Technol. , 
C-rmany) , (Dornier-System G.M.B.X., Fr iedr ichshafen,  West Gemany), 1 2 9  p . ,  
BNFT-?B-W-76-27-VOL-Z, sMFT-WRT-2073/01XO423, N77-26437, I n  Geraan; English .summary . 

Resul ts  of a development Brogrrm which d e a l s  with t h e o r e t i c a l  and experirnental 
i n v e s t i g a c i o n s  of phase ci'rmge t k s A ~ , d  ;apa;its=s fc r  space = p p l i c = t i o n  are described. 
Dif fe ren t  types of t h e r n a l  design with lacent e n t h a l p i e s  between 1 2 0  and 380 W-H and 
an o p e r a t i o n a l  temperature of  about 26OC were examined. The following fzequent hea t  - 
power profiles were considered: 
with r a d i a t i o n .  a e s i d e s  f i l l e r  structures previously q u a l i f i e d ,  a new the-ml t r a n s p o r t  
s t r u c t u r e  using h e a t  p ipes  w a s  i nves t iga t ed .  - 

I 

v a r i a b l e  power, ecl ipse,  and v a r i a b l e  pcwer  combined . 

(PEIASE 'L'RANSFORMATION, 'EMPERATURE CONTRDL , THERMAL CAPACITOPS) 

HP78 23002 IXSTRUMENT CANISTER THERMAL CONTROL - FOR SPACE SHUTTLE-BORNE EXPSRIMENTS 

H a r w e l l ,  W., H a s l c t t ,  R., (Grumman Aerospace Corp.,  Bethpage, NY), Ol lendor f ,  S . ,  (NASA, 
Cflddard Space F 1 ig h t  Csnter  , G r  eenbel  ~ - * _ ~ ~ ) . ; I m e ~ i c ~ T ~ ~ t a . ~ u ~ ~ A e r o  naut  ics . and 
As t ronau t i c s ,  Thernoghysics Conforence, 1 2 t h ,  Albuquerque, NM, A I M  paper 77-761 , 1 0  p. , 
June 27-29, 1977, A77-37272 
Avai 1 : TAC 

A t r a n s i a n t  -he raa l  a n a l y s i s  and t e s t  of  a thermal c o n t r o l  c a n i s t e r  is descr ibed.  
The 1 x 1 x 3 u c a n i s t e r  provides a m i f o m  thermal envirorment for s h u t t l e  instrument  
payloads rgqu i r ing  f i n e  temperat-xe c o n t r o l ,  Lie design goal  being ope ra t ion  between 
O°C and 20 c with a =aEge of p lus  o r  minus i°C a t  m y  s e l e c t e d  Set-point  tE?n??erat'Jre. 
The c a n i s t e r  s i d e  wa l l s  a r e  isothermalized by 3 system of long i tud ina l  and clrcum- 
f e r e n t i a l  h e a t  p i p e s  r e j e c t i n q  hea t  through fsedback c o n t r o l l e d ,  v a r i a b l e  conductance 
hea t  p i p e s  t o  s i d e  mun tcd  r a d i a t o r s .  A breadboard nodel of  two s i d e  w a l l s  and t w o  
r a d i a r o r s  was t e sced  i n  a t h e r m 1  vacuum charber.  The breadboard was stable over a- 
wide range of e f f e c t i v e  environments, e q e r l m e n t  d i s s i p a t i o n s ,  a d  c o n t r o l  po in t  
tem?eratrue l e v e l s .  

, 

(3READ SOARD MODEL, MATIIEYATICAL MODEL, DESIGX ANALYSIS) 

sp78 23003 STUDY ON THE 7 2 x 1 3 1 ~ 1 3  OF STRUCT'JPAL TSE?-L?AL CANISTER ?OR THE IXSTRUYXNT - - 
- -  P O I X T I ~ G  S - ~ - S ~ S T ~ M  OF =E STAC-W, 'V'OL'JME 2 .  l i n a l  2eport  

Xoppe, U. ,  Xreob, X., Yickel,  H . ,  t ie idt ,  ?.D., S t a a t s m n n ,  3., Koch, H . ,  ?erdu,  Xz, _ .  

(Dotnier-System G. #. 3.3., Pr ied r i chsha fen ,  Xest Germny , ESP-CR (PI -922-VOL-2, * .- - * 

ZSd-Z817/76/?/M~T ( S C )  , Y77-26220 - 
X*:ai I : TAC 

e x p e r i x e n t s )  . :his c a n i s t e r  has :a ?rovzCe a ~ o l s ~ t i z g  2nd thermally c o n t r o l l e i  
envzzcnxrent f o r  2 s e t  of  rncivrduali:/ ?or x n c z o l l e d  e x s e r i z e n t s .  A cos t  eva lua t i cn  - -  
is qiven for the t o t a l  c a c i s c e r  3s v e l 1  BS f-r -ne = h e m a l  and s t r u c t - x a l  s&systeas ,< 
based on t h e  hea t  p i p e  r a d i a t 3 r  s o l u t i o n  selected.  

c3n i sCer  was s t s d i a d  f o r  +.e ? r e c i s i o n  3o in t ing  f a c i l i t y  IPS  (used f o r  space-lab 



HP78 23004  FUSIBLE .YEAT SISK ?2R ;r C3'ICGE:;iC iCEFRIG3RATOR 

i 
i 23007 

I 
I 

Kroebig, R.L., 
EDB-17- 22 

(Depar'aent of t!!is Air Force,  Washington, DC) , J a n  12, 1977, XD-0--003515, 

A f u s i b l e  hea t  Sink f o r  a cryogenic r e f r i g e r a t o r  used t o  provide cool inq for a detec-  
t o r  i n  t h e  guidance system of a missi le  is  descr ibed.  
co ld  c y l i n d e r  i n  c0n:act with the  d e t e c t o r  and a hot  cy l inde r .  
cylinc'er a r e  connected to a crankcase housing. A heaz c lpe  is  connected between t h e  crank- 
case and the  m i s s i l e  sk in  f o r  providicg ?rF-ary cc?lir.? f o r  t h e  c rmkczee  kousiza.  
Zusible neat  s i n k  is connected t o  the crankcase vit5 the crankcase forning p a r t  of t h e  wall  
of t h e  hea t  s ink  housing. A f s s i h l s  n a t e r l a l  Lc locsto?. witkin t h e  housing. ?he i n s i d e  
s u r f a c e  of t h e  hea t  s i n k  housing is coated w i t h  n i c k e l  and s i l v e r  t o  increase t h e  hea t  t:ans- 
f e r  between t!!e crankcase and the hea t  sink. 

(NISSILE G U I D A K P . ,  CCCLING, COATING, NICKEL, SILVE?.) 

The cryoaenic  r e f r i g e r a t o r  has a . 
The h o t  c y l i n d e r  and colc! I 

I 

mho 

! 

'0 

EP78 130C.5 A P?.E!CISE SATELLITE .T?IERMAL COXT.WL SYSTEM USING CASCADED HEAT PITES 

S t e e l e ,  W . 9 .  , (XcDonnell Douglas As t ronau t i c s  co., St. Louis,  MQ) , Wcxee, B . B . ,  ( F r i t o -  
Lay, Inc. ,  I r v i n g ,  T X ) ,  American I n s t i t u t e  o f  Aeronautics and AStronautics-Themaphysic= 
Conference, l t t h ,  Albuquerque, NM, AfAA paper 77-777, 12 >., June 27-29, 1977, A77-37202 
Avail  :TAC 

A cascaded, dry r e s e r v o i r ,  v a r i a b l e  conductance heat  ? ipe system was t e s t e d .  
Resul ts  show passive temperature con tzo l  within p lus  o r  ninus O.S°F of t h e  des i r ed  
s e t  p o i n t  for a wide range of h e a t  i npu t  and e f f e c t i v e  spacr? enviroh?lent temperatures.  _ _  
The use of  long c a p i l l a r y  t -kes  t o  i s o l a t e  the r e s e r v o i r  ana arevent  set ?Oint tamper- 
a tuze  change due t o  c y c l i c  h e a t  loads and/or cycl-c environment tenFezature  was 
demonstrated. O r b i t  set p0ir.t temperature control  f e a s i b i l i t y  was i n v e s t i g a t e d  using . 
v a r i a b l e  volume c o n t r o l  gas r e s e r v o i r s .  S e t  a o i n t  temperature ad jus tnen t  over a range 
from 50'1 t o  90°F was s u c c e s s f u l l y  achieved with h i s h  c o n t r o l  accuracy. 

- ~ . .  . ~. - .  . 

(CASCADE F L O W ,  WORKING FI,UIDS, CYCLIC LOADS) 

ZP78 2 ~ 0 0 6  X E W  AVIONICS TEE- CONTROL CONCEPT 

Token, K.Y., (McDonnell Aircrar ' t  Co, St Louis, MO), S M E  Pap, 10  p., N77-ENAs-14 for 
;%et, 5 r e f s ,  J u l y  X-14, 1977 
Avail  :TAC 

This  paper  desc r ibes  a h e a t  pipe- l iquid cooling concept for av ion ic  system 
coo l ing  which e x h i b i t s  higher  therinal e f f i c i ency  than c u r r e n t l y  used coo l ing  techniques.  
The new h e a t  p ipe  cool ing concept allows higher temperature coo lan t s  t o  maintain av ion ic  
components a t  lower ope ra t ing  temperature,  thereby inc rcas ing  av ion ic  r e l i a b i l i t y  and 
reducing a i r c r a f t  weight p e n a l t i e s  incurzed by +he cool ing sytem. Key t e c h n i c a l  develop- 
nen t s  r e q u i r e d  for t h e  implementation of t h e  new cool ing technique a r e  i d e n t i f i e d .  
Xeasured ';hemal performance for small hea t  pipes which were developed for t he  new cool- 
ing system are presented.  

(SLECT3ONIC EQUS?!SXT, XEIGilT ?SSDUCTION) 

5 2 7 8  23007 %E .XlT.,TISTXGE :EAT P I P ?  ?ADI.ATOT. - AN ADVANCE-XENT I N  TASSIVE COOLIXG 
. .  TECXNOLOGY 

* - . _  Wilson, D.Z., Wright, J.?. , (Rockwell Tnternat ional  Cor?. , Downey, a), American . 
i n s t i t u t e  of Aeronzutics and Astronaut ics ,  Thernophysics Conference, 12th, Albcquerque,, 
VM, A I =  paper 77-760, 13 ?., June 27-29, 1 0 7 7 ,  VAS8-31324, N77-37271 
Avai1:TAC 

Mathematical mo&ls were developed f o r  one-, two-, and th ree - s t age  r a d i a t o r  systems - - -- 
t o  determine op t inun  s t a g e  a reas  and s y s t e n  9erfornance a s  a fu?ct ion of such parameters 
as i n s u l a t i o n  e f f e c t i v e n e s s ,  cold s t a c e  temperature, and heat  load t o  the  cold and 
i n t e r x e d i a t e  s t a q e s .  ? h i s  study sr.ows t h a t  n u l t i s t a q e  r a d i a t o r  systems can be a p t i s i z e a  ~ 

3n tSe b a s i s  o f  % e i g h t  or pro jec t ed  a r e a ,  and t h a t  co ld  s t age  temperature a s  low as 
~ 5 0 ~  a r e  t h e o r e t i c a l l y  ? o s s i b i e  w i t h  ? r e s e n t  technolo= l e v e l s  for i n s u l a t i o n  s n i t t a n c e .  
For t h e  b a s e l i n e  t e s i g n ,  anaiyses  were Terforzed t o  d e t e r z i n e  op t i sun  r a d i a t o r  f i n  ~ 

geonet,ol and ;?eat p i p e  spacing a s  a funct ion of  t e m c e r a t x e ,  n a t e r i a l  2 r o p e r t i e s .  and - .- - 
h e a t  pi?e weight.  
w i th  n e a t  r e j e c t i o n  requirements of  i0 >W a t  35% on t h e  cold s t a g e  and 100 ?Iw a t  t h e  
second s t a g e .  

- 
_. 

13 a d d i t i o n ,  a ground test svstem was designed f o r  the baseline: design 
- 

- 
_ .  

-* 

(!.'I.T?EY-\TICdL !ODE', , CPTI!qrllA?:CN, SXCUND-TEST SYSTEW) * 

11 



23009/24000 

8178 23008 LOW-TEEEPRATURE BEAT PIPES FOR AIRCRAFT - RL'SSIAN BOOK 

Voronin, V.G. ,  Reviakin,  A.V. ,  Sas in ,  V.I., Tarasov, V . S . ,  Moscow, I z d a t e l  'Stvo 
Mashinostroenie,  200 p . ,  1 9 7 6 ,  A77-43612, I n  Xussian 

The t h e o r e t i c a l  b a s i s  o f  n e a t  and mass cracsfe: p rocesses  i n  low-ten?erature h e a t  . 
p i p e s  o p e r a t i n g  a t  temperat*ares Z r O m  d n u s  200 t o  p l u s  3OO0C is presented. ,  
used t o  p r e d i c t  t h e  parameters of h e a t  p ipes  with d i f f e r e n t  c o n f i g u r a t i o n s  and d i f f z r e n t  
cond i t ions  of o p e r a t i o n  a r e  o u t l i z e d .  The construe-ion and c o n t z o l  of h e a t  p ipes  a r e  
d i scussed ,  and ?rese?t and p o s s i b l e  f u t u r e  a p p l i c a t i o n s  o f  n e a t  pi?es  i n  a i r c r a f t  and 
s p a c e c r a f t  i n  h e a t  r e g u l a t i o n ,  a i r  condi t ioning,  and l i f e  suppor t  systems a r e  consizered.  

Xethods 

(LIFE SGPPORT SYSTS.XS, TSXPEmTURE CONTROL) 

HP78 23009 RE-ENT- G2OOVE HEAT PIPE - COMPUTERIZED DESIGN FOR OAO APPLICATIONS . 
Hamell, W., Kaufman, W.B., Tower, L . K . ,  ( G r u m m a n  Aerospace Corp., Bethpage, Ny) , 
(NASA, L e w i s  Researc!? Center, Cleveland, OH) , American I z s t i t u t  of Ae:onautics and 
A s t r o n a u t i c s ,  The rmphys ic s  Conference, 1 2 t h ,  Albuquerque , NH, AIAA paper 77-773 , 
9 p. ,  June 27-29, 1977, A77-37280 
Avai 1 : TAC 

ist ics o f  an a x i a l l y  grooved alirminum ext-msion w i k ?  a r e - e n t r a n t  groove p r o f i l e .  
The e x t r u s i o n  is 1 3  ,MM diameter w i th  20 a x i a l  grooves,  each groove c o n s i s t i n g  o f  a 
nominal . 8  NM diameter  channel w i t h  a . 2  wide passageway connect ing t h e  channel t o  
t h e  hollow co re .  A compute: program was w r i t t e n  t o  comoute t h e  ze ro  g r a v i t y  h e a t  
t r a n s p o r t  c a p a b i l i t y  of t h e  e x t r u s i o n .  
c h a r a c t e r i s t i c s  measured. The c h a r a c t e r i s t i c s  o f  =he p i p e  wi th  m o n i a  a t  20 C a r e  
ze ro  g r a v i t y  pumping l i m i t  1 4 0  W-METERS: s t a t i c  wicking h e i g h t  21.5 .t?l4: evapora to r  and 
condenser c o e f f i c i e n t s  7200 and 20,500 XATT/SQ M C ,  r e s p e c t i v e l y .  

This paper d e s c r i b e s  t h e o r e t i c a l  and experimental ly  v e r i f i e d  h e a t  p ipe  c h a r a c t e r -  ' 

A heat p ipe  w a s  f a b r i c a t e d  and i t s  pe6formmce-.  

11. D. ELECTRICAL AND ELZCTXONIC APPLICPTIONS 

HP78 24000 THERMAL CONTROL OF POWER SUPPLIES WIT9 ELECT3ONIC PACKAGING TECRNIQUES 
F i n a l  3eport  

(Martin Mar i e t t a  Corp., Denver, C O ) ,  Feb 1977, W7-18386 
The i n t e g r a t i o n  of low-cost commercial heat pipes  i n  t h e  desiqn of a NASA cand ida te  

s t anda rd  modular ?owe= supply with a 350 W out-,ut r e s u l t e d  i n  a 4 4 9  weight reduct ion.  
Part temperatures  were also appreciably reduced, i n c r e a s i z u  t h e  environmental c a p a b i l i t y  
Of t h e  u n i t .  
thermal performance of t h e  redesigned supply.  

A complets 350 X nodular power conve r t e r  was b u i l t  and t e s t e d  t o  eva lua te  

. .  

c 
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111. HEAT PIPE THEORY 

111. A. GZNERkL I 
HP78 30000 STUDY OF HEAT AND ?"ASS T?.ANSE'ER I N  A HEAT P I P E  BY MEANS OF A LWTHEMATICXL 

NODELING .YETHOD 
, 

Avakian, I . N . ,  Kulagin, I.I., Sheludko, O.V., (Severo-Zapadnyi Po l i t ekhn ichesk i i  
I 

I n s t i t u t ,  Leningrad, USSF.), In Heat and Mass Transfer  - V ;  All-Union Conference on Beat 
and Mass Trans fe r ,  5th.  Minsk, Belorussian SSB, ,%y 17-20 ,  1976, Proceedings,  Yinsk, 
An BSSl I n s t i t u t  Teplo- I Xassoobmena, V 3:211-215, P t  2, 1976,-(A77-43880 20-34), 
A77-43947, I n  Russian 

h e a t  p ipe ,  used f o r  rn-moval of  hea t  from a c y l i n d r i c a l  body. The opt imal  regime f o r  
i n i t i a t i n g  t h e  p ipe  condi t ions  is determined as t h e  regi?e of i t s  hea t ing  dur ing  which 
t h e  p ipe  goes i n t o  a s t a t i o n a r y  s ta te  a f t e r  a mininal  time 'wibAorit overburn ' .  
Functions a r e  introduced f o r  a s c e r t a i n i n g  t h i s  regime, and a method f o r  determining t h e  
temperature ,  misture content ,  and pressure  of t h e  wick i s  descr ibed.  Heat and mass 
t r a n s f e r  for a sodium h e a t  a i p e  i s  analyzed. 

I 
.. - 

A block diagram is presented for a mathematical model of  t he  ope ra t ion  of a coax ia l  

(COAXIAL EAT-PIPE, SODIUM, i f w T  TFAXSFSR) ., 

8P78 30001 

Colwell ,  G.T., (Georgia I n s t .  o f  Tech. , Atlanta ,  GA, School of  Mechanical Engineering) , ' 

Avail  : TAC 

PREDICPION OF C R Y O G Y I C  HEAT PIPE PERFORMANCS - Fina l  R e p o r t  I 
NASA-CR-152770, 109 p., RSG-2054, N77-76447 -. 

N o  a b s t r a c t  a v a i l a b l e  

(PREDICTION ANALYSIS, THERMAC PSXE'ORMANCZ) 

- 
RP78 30002 RE-ZNT?.Aii GXOOVE HEAT PIPE - COMPUTEXIZED DESIGN FOR OAO APDLICATIONS - - 
Hamell, N. , Kaufman, X.S., Tower, L.K., (Grrmunan Aerospace Cor?. , Bethpaqe, NY) , 
(NASA, L e w i s  Research Center ,  Cleveland, O H ) ,  American I n s t i t u t  of Aeronaut ics  and 
As t ronau t i c s ,  Thermphys ics  Conference, 12t!!, Albuquerque, NM, AIAA paper 77-773, 
9 p.: June 27-29, 1977, 
Avai, : TAC 

is t ics  of  an a x i a l l y  grooved aluminum ext rus ion  wi th  a re -en t ran t  groove p r o f i l e .  
The ex tzus ion  is 13 .W diameter with 20 a x i a l  grooves,  each groove cons i s t ing  of a 
nominal . 0  .YM diameter cbannel with a .2 .W wide passageway connect ing t h e  chancel t o  
t h e  hollow core .  A computer program was wr i t t en  t o  compute t h e  zero g rav i ty  hear  
t r a n s p o r t  c a p a b i l i t y  of  t h e  e x t r * s i o n .  
c h a r a c t e r i s t i c s  zeasured.  The c h a r a c t e r i s t i c s  of t he  2 ipe  wi th  ammonia a t  20 C a r e  

condenser c o e f f i c i e n t s  7200 and 20,500 WA?T/SQ r"l C ,  r e spec t ive ly .  

(ZE3.0 GRAVITY, XEAT TWSPORT CAPABILITY, ZERI GRAVITY) 

A77-37280 

This paper  desc r ibes  t h e o r e t i c a l  and experimental ly  v e r i f i e d  hea t  p ipe  charac te r -  

i 
1 

A heat p ipe  w a s  f ab r i ca t ed  and i t s  pejformance 

, zero  g r a v i t y  punoing l i m i t  140 X-Z,TE.W; s t a t i c  wicking he iqnt  21.5 X-l; evaporator  and 

I EP70 30003 HEAT PIPE:  THEORY AND ?EFSORMANC!E C3ARACTERXE'TICS 
~ . .  

Jog, V . ,  X u j u d a r ,  A.S., ( M c G i l l  Vniv., ?ont rea l ,  Canada),  J. I n s t .  Eng. ( I n C i a ) ,  . - 
Chem. Eng. Div., V 57:78-02, X2, Feb 1977 
Avai l : TAC 

has always been a na jo r  problen facing engineers.  A l igh tweight  device with no mavin-q 
p a r t s ,  h igh  e f f i c i e n c y  and long- l i f e  expectancy - c a l l e d  hea t  ? ipe  - seems t o  be i d e a l  
f o r  s e v e r a l  such appl ica tzcns .  I t  c c n s i s t s  e s s e n t i a l l y  of a hollow tcbe ir i th  a worlcing 
f l u i d  i z  a ?orous l i x e r  iihich covers :he ins ide  su r face  of  =2e =?&e. The bas i c  I 

phys i ca l  and o p e r i t i o n a i  f ea tx re s  of t h e  device and some a reas  of i ts  app l i ca t ion  and 
inhe ren t  i i m i t a t i o n s  a r e ,  discxssec.  - 

- - . -  
J 

E f f i c i e n t  and economic t r a n s f e r  o f  t h e m d l  energy from one loca t ion  t o  anot!er 
~ - .- 

. -  

(OVERVIEW, HEAT-PIE'S THEORY) 

BP70 30004 ECFZCTS OF G?AVX"= ON G-lS-LOAEED VARI.ABE CCNDUCTAYCE JEAT ?IPSS 
0 -  

Xellener, y . ~ . ,  3at t3 ,  :<.3., (Xav. ?os tgrad .  Sch., Monterey, a), ;at. Heat Pipe Csnf. ,  
p==-,  7 - 2  7 C Z - ? 3 ? ,  1?7C * 

a v a i l  :Tat 

I 
-..-., =. .dd 

?Io a b s t r a c t  ava i l ab le  
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HP78 30005 TSEaPIAC PIPES OF COMPLEX CON7TIGC;L'TiON I 30009 

Vasil 'Ev, L.L., Ronovalov, A.S . ,  ( I n s t .  of Heat and Ha-s Zxchange, Hinsk, USSR), 
I 

V e s t s i  Akad. Navuk BSSR, S e r .  F ix .  - Enerq. Xavuk, V 3 :110-114 ,  1976, In Russian 

conf igu ra t ion  h e a t  p i p e  i s  proposed. 
An approximate method for c a l c u l a t i n g  a maximum aower t r a n s f e r r e d  by t he  complex- 

(POKER-?RANSFER: XATYSMATICAL APPROXIAXATION) 

HP78 30006 LOW-TEMEPRATURE HEAT PIP% FOR AIRC-SAFT - R U S S I A N  BOOK 

Voronin, V.G. ,  Reviakin, A.V., Sas in ,  V . I .  , Tarzsov, V.S., Xoscow, I z d a t e l ' S t v o  
Mashinostroenie,  200 p. , 1976, B77-43612, 'In Russi2m 

pipes  o p e r a t i n g  a t  temperatures from minus 200 t o  p l u s  300°C is presented. 
csed t o  p r e d i c t  t h e  parameters of hea t  j apes  with d i f f e c e n t  conf iqu ra t ions  and d i f f e r e n t  
cond i t ions  o f  ope ra t ion  a r e  o u t l i n e d .  The constzuct ion and cont:ol of hea t  a i g e s  a r e  
d i scussed ,  and. p r e s e n t  and p o s s i b l e  f u t u r e  app l i ca t ions  o f  hea t  p ipes  i n  a i r c r a f t  and 
s p a c e c r a f t  i n  h e a t  r e g u l a t i o n ,  a i r  condi t ioning,  and l i f e  suppor t  s y s t e m  a r e  considered. 

The t h e o r e t i c a l  b a s i s  of hea t  and mass t r a n s f e r  processes  i n  low-temperature hea t  
Nethods 

(LIE'E SUPPORT SYSTE-XS, TEMPERATURE CONTROL) 
. *  

HP78 30007 THEORETXCXL CONSIDERATIONS ON THE HEAT PIPE 

Zimmemann, P., ( S t u t t g a r t  Un ive r s i ty ,  Germany), Inst Fuer Xernenergetik,  O c t ,  1 0 7 6  -.  
Avai1:EiTIS 

The phys ica l  p r i n c i p l e s  of the h e a t  pipe are presented wit!! t h e  su r face  stress con- 
s i d e r e d .  For networks and grooves,  
r e l a t i o n s  a r e  e s t a b l i s h e d  g iv ing  the  cross-sect ion of t h e  f l u i d  as a funct ion of t h e  hy- 
d r a u l i c  c a p i l l a r y  diameter .  
a r e  determined. - 

The p o s s i b i l i t y  of forination of s tem bubbles i s  s t u d i e s .  

For networks and qrooves themaxis*= g c s s i b l a  aiickion stresses 

- 
(STEAM BUBBLE -CORMATION, SUCTION S T S S S ,  ZIYDRAULIC CAPILLARY DI.WTER) c - 

-78 30008 IXEPIPE - A PROCzRAMME FOR TRE CALCULATION O F  BEAT PIPES 

Hage, M., ( S t u t t g a r t  Un ive r s i ty ,  Gemany),  I n s t  Puer Kernenerqet ik ,  J u l y  1976, In  Geman 
Avai1:NTIS 

by a h e a t  p i p e  i n  dependence o f  working temperature and tilt h e i g h t  o r  ang le  of i n c l i n a -  
t i o n .  
h e a t  c a r r i e r s .  
c a p a c i t y  for s a t n r a t e d  c a p i l l a r y  s t r u c t u r e s .  

(COKPPUTER PROGiWM, SATURATED CAPILLARY STRUCTCXS , FLUID E'LOW) 

The computing program IKZTIPE: a t  hand c a l c u l a t e s  t!!e maximum c a p a c i t y  t o  be t r a n s f e r r e d  

These c a l c u l a c i o n s  can be c a r z l e d  o u t  for var ious  types  of h e a t  p ipes  using d i f f e r e n t  
?3e f i r s t  ve r s ion  of t!!e progranrme a t . h a n d  on ly  c a l c u l a t e s  t h e  t r a n s f e r  

HP78 3 0 0 0 9  THE WLTTSTAGE 9EAT ?I?S 2ACIATOR - AN XDVANCE.NEXT IX PASSIVE CQOLXSG 
TECXNOLOGY 

Wilson, D . E . ,  :Jright,  J . P . ,  (Rockwell I n t e r n a t i o n a l  Corp., Cowney, CA), Arnezican 
I n s t i t a t e  of Aeronautics and A s t r o n a c t i c s  , Them.ophysics Conference 12th , Xbuquerque , 
XJM, AIM paper  77-760, 1 3  p., June 25-29 ,  1977, NAS8-31324, N77-37271 
A v a i l  : TAC 

Yathernatical  a c d e l s  were developed ,Cor one- ,  two-, and th ree - s t age  r a d i a t o r  syste.ns 
t o  de t e rmize  optimum s t a q e  a r e a s  and. system aerforrnance a s  a func t ion  of such parameters  
a s  i n s u l a t i o n  c f f o c t i v e n e s s ,  cold s t a g e  temperature ,  and hea t  l oad  t o  t h e  co ld  a n d -  
i n t e r m e d i a t e  stages. T h i s  s tudy  shows t h a t  n u l t i s t z q e  r a d i a t o r  systems can be o p t i n i z e d  
on t h e  j a s i s  of weight o r  ?r j jec- ,ad azea,  and :?.at c ~ l d  s t a g e  tern?eratnre 2s l o w  a s .  
lS°K a r e  = h e o r e c i c a l l y  p o s s i b l e  with ? r e s e n t  technology l e v e l s  Z D r  i n s u l a t i o n  emit tance.  
For t k e  b a s e l i n e  ees iqn ,  ana lyses  were perforzed to deta--L,?e optimlm r a d i a t o r  fin- 
geornerry and :?eat ? iFe  spac ing  a s  a iunc=ion Of t e n p e r a t a r e ,  : a t e r i a l  ? r o p e r t i e s ,  and -: 
h e a t  ? i B e  i re ight .  
w i t h  h e a t  r e j e c t i o n  requi:ements o f  10 .W a t  35% O n  t h e  co ld  s t a g e  and L O O  .XW a t  t h e .  

: 

In a d d i t i o n ,  a ground test svstem was desiqned for t h e  b a s e l i n e  as ign-  

. '  
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111- 8 .  HEAT TMNSEER 

HP78 31000 STATIC Aim DYNAMIC CSAi?ACTERISTICS OF GAS-FILLED HE;\T PIPES DURING 
COMPLEX T3E.RMA.L EFFECTS 

Beliakov, A.?.,  PlatunOv, S.S. ,  (Leninqradski i  I n s t i t u t  Tochnoi Xekhaniki i o p t i k i ,  
Leningrad, U S S R ) ,  In  Beat and .?lass Trmsfer - V;  All-Union Conference on Seat  and 
Sass Transfer ,  5 th '  !4insk, %lOruSsian SSR,  -!lay 17-20, 1 9 7 6 ,  Proceedings,  Yinsk, An 
BSSR I n s t i t u t  Teplo- I Xassoobmena, V 3 : 2 2 3 - 2 2 7 ,  P t  3 ,  1 9 7 6 ,  ( ~ 7 7 - 4 3 8 8 0  20-341.  
A77-43949 , I n  Russian 

h e a t  from an o b j e c t ,  c r e a t i n g  an i n t e r n a l  i so therxa l  :cr.e, and , laintaining temperature 
s t a b i l i t y .  
p ipe  system and for ob ta in ing  al lowable amplitude and frequent.? values  of f lxc tua t ions  
of Ces t ab i l i z ing  e f f e c t s .  

(DYXAMICS , TNEWAL STABILITY,  ZRROR .WALYSIS, W P W C E  TWGUSFORM) 

Gas- f i l l ed  h e a t  p ipes  used as r egu la to r s  pe:form t!!e t h r e e  f-ylct lons of removing 

Transfer  func t ions  are introduced f o r  escimating out?ut  time OF t he  h e a t  

X aathemtical ana lys i s  of a g a s - f i l l e d  hea t  pipe model is  
provided f o r  s t a t i c  ana dynamic condi t ions .  .. 

~ ~ 7 8  31001 INVESTIGATION OF TEE MAXI,WM BEAT-TRANSFER CAPACITY OF CCSED TWO-PHASED 
THERKOSIPHONS 

Bezrodnyi, M . K . ,  ae lo ivan ,  X . I . ,  (Kiev ?OlyteCh Inst. Ukr, USSR), J. Eng. Phys., 
V 30:377-383,  N4, 9 r e f s ,  Xpr 1 9 7 6  
Avai I : TAC 

two-phase thermosi2hons as a r'unction of t!!eir geometrica?., phys ica l ,  and regime 
p a r a r e t s r s  are presented.  I n  t h i s  s tudy an e f f o r t  was made t o  2ete-r;line now t h e  heat-  
transfer capac i ty  of t h e  Lhermsiphon w a s  a f f ec t ed  by t he  following paraneters :  t h e  
diameter  and l eng th  of t h e  hea t - input  segment, tte pres su re  of t he  in t e rned ia t e  coolan t  
and the eegree  t o  which the  inne r  c a v i t y  of the t!!e--ciphnn '.as ,Filled xitb it, the 
na tu re  of t h e  working l i q u i d ,  and t h e  dimensions of t he  condenser.  

'SESIGX PAUMETEPS,  FLUID ZLON, 9EAT TFANSETR) 

T h e  r e a u l t s  of an i n v e s t i g a t i o n  of *&e maximum h e a t  f l uxes  t r ansmi t t ed  by v e r t i c a l  

3 7 8  31002  CONTROL OF BEAT P I P E S  AND TSERI?OSIPBONS 

Chisholm, 13. , ( X a t .  Engng. L a b . ,  East Ki lbr ide ,  Scotland) , S e a t  ? ipe Forum, p.  30-37, 
8 refs, 1 9 7 6 ,  Glasgow, Scot land ,  N a t .  Engng Lab., ?arch 18, 1975,  Glasgow, Scot land 
Avai l  : TAC 

XO a b s t r a c t  a v a i l a b l e  

( T B E W  VARIABLES, X D T  TICANSE'ER, Us CONTROL, CIRCULATION. CONTROL) 

tfP78 31003 SEAT EXC-TANGZ AND F X C T I O N  121 A SUBSONIC VX'OR FLUX OF HICI-TP.XPER4TURE 
SEAT PIPES 

?e*orov, V.X . ,  S a s i n ,  V . Y . ,  ( ~ o s c o w  Power I n s t .  , USSX) ,  J. Eng PhyS, V 30:258-263, X 3 ,  
3!ar 3 ,  1376 

I 

- .  

Xvai i : TAC 

axamned on the  bas;s of the  so l - t ion  of t he  energy and motion equat ions.  I t  is  shown. 
t h a t  r a d i a l  h e a t  flux due t o  no lecu la r  hea t  conductior. of t he  vapor i n  the  evaporator  
z s  neg l ig ib l e .  

The in f luence  of forced .rapor convection on  heat t r a n s p o r t  i n  h e a t  pipes  is 

- 

. -  
5 P 7 8  31004  XN E ~ P X I > ~ ! T A L  XND TEISORETICU STUDY OF TIfE OPERATION OF X 3EAT PIPE 

F%riachKo, 1.G.. Zhizhin,  G . V . ,  I n  :-:ear: and !?ass Transfer  - V; All-Union Conference . 
on Heat and Yass Trans fe r ,  5th .\ii.?sk, 3e lo r s s s i an  S S R ,  Kay 17-20 ,  i976, ?roceedings,  - 
Yinsk, An JSSR I n s t i t u t  Teplo- I Yassoobmena, V 3:228-231, P t  2 ,  1 9 7 6 ,  (A77-43880 20-341 ,  - 

Tfie temperature  d i s t r i b u t i o n  ar.d heat  f lux  of a sod ixn  bea t  ?i?e i n  supersonic  I 
A77-43955 ,  3 auss i an  .- * 

f l o w  c o c d i t i c n s  were de te -mned t q d  compared with the aredicred  r e s u l t s  ob ta ized  by 
the  u n i d i i e n s i c n a l  s teady-s ta te  t,eor.i fo r  3 5e l rve r l  n o z z l s  sri th 3 Cry vapor i n  it. 
Since  a d iscrepancy  Y ~ S  :o~?a,  M :soroved a a t h e m t i c a l  ?rocecure 1s ?resented ,  which s .  
t akes  i n t o  a c c o u t  the ?oss:bi?.itg of  3 Ydo-?nase stz'lcC-3:e of %e f l u x .  

c 



31008/32301 1 
HP78 31005 AN ANALYTIC= STUDY OF TI15 >lAXZ,CrAL SWT-CARRYING CAPACITY OF BEAT PIPES 

Semena, X.G., Gsrshuni,  X.3.. Rassamakin, 3 . X . ,  (Kievski i  Po l i t ekhn ichesk i i  I n s t i t u t ,  
Kiev, Ukrainian,  USSX),  Energet ika,  V 20:93-97, May 1977, A77-42260, I n  Russian 

An a n a l y t i c a l  so lu t ion  is obta ined  f o r  determining t h e  hydrodynamic l i m i t  of t h e  
hea t -car ry ing  capac i ty  of a c y l i n d - i c a l  hea t  Bipe wi th  an annular  i s o t r o p i c  wick. 
The d i f f e r e n t i a l  equat ion  of f l u i d  movercent i n  t h e  wick of t he  h e a t  tube is solved 
by t h e  sepa ra t ion  of  va r i ab le s  nethod using an or,hogonalized bas i s .  E-eriments 
were conduced  using water h e a t  p ipes  w;+A metal f i b e r  wicks. The t h e o r e t i c a l  calcu-  
l a t ions  were i n  b a s i c  agreement wi th  the  e x p e r d e n t a l  r e s u l t s .  

(COMPUTER KODELIXG, ISOTROPIC I ~ E D I A ,  THERMAL CONDUCTIVITY) 

H P ~ B  31006 TEXPE~WTC'RE AND PRESSURE CHLYGZS IX THE VAPOR DUCT OF a HI=-TEMPERATURE 
HEAT P I P 2  

'6 

Tolubinskiy,  V . I . ,  Shevchuk, E.X., Chistop'Yanova, N.V.,  (Engng. Thermphys. In s t .  
Acaa. of Sci., Ukrainian, USSR) , ,?eat Transfer  - Sov. R e s .  (USA),  V 7:111-115, NS, 
2 r e f s ,  Sep t  - oct 1575 
Avai1:TAC 

No abstract a v a i l a b l e  

(TWO-PHASE rZOW, EVAPORATOR, CONDNSER) 
. *  

HP78 31007 CENTPJFUGilL COAXIAL HEAT PIPES 

Vas i l i ev ,  L.L., Khrolenok, V.V. ,  (Luikov Heat h Xass Transfer  I n s t ,  Minsk, USSR), 
I n t  Beat P ipe  Conf, 2nd, 3ologr?a, I t a l y ,  X a r  3 1 - ' g r  2, 1976, Publ by Eur Space Agency 
(ESA SP112) , Xoord.dijk, Nether lands,  V 1:243-302, 5 r e f s ,  1976 

f l l l i d s ,  dynamics, materials, and thermal  parameters of  c e n t r i f u g a l  coax ia l  hea t  p ipes .  
T h i s  paper  d i scusses  the  Zesign e f f i c i ency ,  h e a t  t r a n s f e r  theory,  working 

(CESIGN, H U T  'TWSFER, WORKING FLUIDS, YATERIIILS) 

UP?$ 31008 COMPUTATION OF THERMAL RESISTANCE OF LOW-TEMPERATURE HEAT TUBES 

Yudashkin, A.G., Xronchik, G.I., Lempert, E.Y., (Kuibyshev Polytech I n s t ,  USSR), 
J. 2nq. Phys., V 30:690-692, N6, 2 refs, J u e  1976 
Avail : TAC 

A c a l c u l a t i o n  is made of t h e  t!!eml zes is tance  i n  low-temperature tubes wi th  
t h e  e f f e c t  o f  t h e  i n t e r r e l a t r o n  between the evaporator  and t h e  condenser on Lle thermal 
resistance takan  i n t o  account. 

(NATBEYATICAL MODEL, THERMAL CONDUCTIVITY) 

111. C.  FLUID FLOW 

HP78 32000 ,NETHOD OF CXLCULATION AND I ~ S T I W T I O N  OF BZGB-TEAWEPATURE HEAT PIPS 
CXARACTERISTICS TXKIXG 1-0 ACCOLTT THS VAPOUR FLOW COMPF2ZSSISILITY ,- 
FRICTION ANI7 VELOCITY PmFILZ a - . -  

a rova l sky ,  Y.x., gyst:ov, P.I., Y..lnikov, M.V.,  (Xcad of Sc i  of LTSSR, X O S C ~ W ,  USSR) , 
I n t  Heat P ipe  Conference,  2nd. 3ologna. I t a l y ,  Mar 31-Apt 2 ,  1976, Publ by Eur Space 
Aqencv (ESX 57112) , Xoordwijk, Nether lands,  V 1 : 113-122, I2 r e f s ,  1976 
Avail  : TAC 

This  paper shows t h a t  channel c z o s s - s e c t s n  equat ions  or' motion can be used. t o  
c a l c u l a t e  the  c;. laract=rrscics of  the  v a g t  ?nase i n  2 heat ?iae.  ?he hydradynamics 5f 
vagor f l o w ,  heat j i p e  design r e l a t i o n s ,  calc.x.La+ions of  son ic  regimes, ana comparison 
of t h e o r e t i c a l  ana e q e r i m e n t a l  d a t a  a re  discussed. - 

- 
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32003 1 

X zathematical  mode!. i s  developed of axcess l i q u i d  i n  nea t  ; ipes t h a t  i s  used t o  
I c a l c u l a t e  the  F a r m e t e r s  governing '-.".e a x i a l  f:ov o f  l i q u i d  i n  f i l l e t s  and p d d l e s  
I t h a t  forn i n  vapor spacos.  In  an acce le ra t ion  f i e l d ,  the  hydros t a t i c  2ressure  va r i -  

a t i o n  is  taken i n t o  account ,  whicl  r e s u l t s  i n  nonci rcu lar  meniscus shaves.  The two 
s ? e c i f i c  vapor-space ceone t r i e s  considered a r e  c i r c u l a r  and the  'Gee-shape' t h a t  is 
fomed  by a slab r i z k  i n  a c i r c u l a r  t*he.  ALSO presented  are t h e o r e t i c a l  and e-xperi- I 

mental r e s u l t s  f o r  t h e  condi t ions  under which l i q u i d  s l u g s  f o r n  a t  t he  ends .of t h e  
vapor spaces.  These r e s u l t s  a l s o  apply t o  '&e ?riming of  a r t e r i e s .  

(MATHEYATIW NODEL, AilTERY P X X X G ,  AXIAL FLOW) 
I 

HP78 32002 CONTEZoLLA3ILITY ANALYSIS FOR PASSIVELY AND ACTIVELY CONTROLLED HEAT PIPES 

Leht inen,  A . X . ,  (Rockwell I n t e r n a t i o n a l  C a e . ,  Downey, a), American i c s c i t u t e  of 
Aeronautics and Ast ronaut ics ,  Themophysics Conference, 12th, Albuquerque, NM, A I M  
?aper 77-776, 13 p . ,  June 27-29, 1977, A77-37281 . 
Avail  : TAC 

c o n t r o l  a n a l y s i s  of  va r i ab le  conductance h e a t  p ipes  ( V C i P )  and feedback con t ro l l ed  hea t  
p ipes  (FCXP). The approach cses a m d i f i e d  vspor telr?erature p r o f i l e  and a sirncle 
5-node thermal  network. This  aFproach d i f f e r s  from F a s t  techniques i n  t h a t  it accounts  
f o r  gas blockage of the  a d i a b a t i c  s e c t i o n  and the set po in t  temgerature i s  referenced t o  
the c o n t r o l  ? o i n t  node r a t h e r  than t h e  vapor node. In  7C3P systems, t h e  gas inventory 
is determined a t  a desiqn set  po in t  tamperavae  an8 he ld  constanc f o r  ana lys i s  of 
varying c o n t z o l l e r  set Boint temperatures .  The p e u d o - t r z n s i e n t  a n a l y s i s  i n t e q r a t e s  
t he  reservoir response t i m e  equa t ions  with the  s teady  s t a t e  c o n t r o l  equat ions .  The 
most s i g n i f i c a n t  f ind ings  were t h a t  r e s e r v o i r  v o l m e  inc reases  due t o  c o n t r o l l e r  set  
po in t ,  response t i m e ,  a c d m s e r v o i r  : e q e r a t u r e  l i m i t a t i o n s :  and t h e  ex i s t ence  of 
minimum and maximum c o n t r o l l e r  set  -,oint temperat*ues when r e s e r v o i r  temperature l i m i -  
t a t i o n s  e x i s t .  

An a n a l y t i c a l  techniqce w a s  developed f o r  s teady  s t a t e  and pseudo-transient  

. ,  

' . 

X f 2 - 3 X C Y  CBNTZCL, G?S ?LoiJ, FCHP, VCIc9P) 

0. - 
HP78 32003  HEAT FXCIIILVGE AND FRICTION I N  A SUBSONIC VAPOR FLUX OF XIa-TEMPZRATURE 

HEAT PI?SS 

Eedorov, V.N., S a s h ,  V.Y.,  (Moscow Power Ins t .  , USSR), 3 .  Eng Phys, V 30:258-263, N3, * 

Mar 3, 1976 
Avai 1 : TAC 

The in f luence  of forced  vapor  convection on h e a t  t r a n s p o r t  i n  hea t  p ipes  is 
examined on t h e  b a s i s  of t!!e s o l u t i o n  of t h e  energy and r a t i o n  equat ions .  It  is shown 
t h a t  r a d i a l  h e a t  f l u x  due t o  molecular  h e a t  conduction of t h e  vapor i n  t h e  evapora tor  
is n e g l i g i b l e .  

(FORCED C O N V E C T C N ,  HEAT-TRANSFER, iMD1A.L HEAT-FLUX) 

. _  

- -  
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40004 

IV I DES I GN, DNELOPflENT, AND FABR I CAT I CN 

I V .  A. GEXEIWL 

BP78 40000 .XODULAR HEAT P I l E  RADIATOR 

Alar io ,  J., Canaras ,  T., (Grumman Aerosp Cor?, Sethpage,  Ny), ASNE Pap, 11 p . ,  
N77-ENAS-39 f o r  X e e t ,  Zuly 1 1 - 1 4  , 1977 
Avai l  : TXC 

This  paper  desc r ibes  t h e  design,  f ab r i ca t ion ,  and tes t  r e s u l t s  for a space 
r a d i a t o r  *ne1 of  modular ccngtzuc t ion  t h a t  uses anurania hea t  p ipes  t o  achieve h e a t  
r e j e c t i o n  r a t e s  Up to  420 W/X' (39 W/r"TL), and a l s o  into-orates a low f r eez ing  
p o i n t  (propane) h e a t  ? ipe  t o  p r o m t e  thawing o f  a f rozen  panel. Pa rane t r i c  ana lyses  
and des ign  d e t a i l s  a r e  presented  i n  a d d i t i o n  t o  thermal  v a c u m  tes t  d a t a  i n  %le fora 
of s t eady- s t a t e  perfo-nance aaps ( n e t  pane l  heat r e j e c t i o n  versus  i n l e t  temperature)  
ar.d freeze/thaw t r a n s i e n t s .  .. 
(LIFE-SUPOORT, X'XOWL\, PROPANE) 

HP78 4 0 0 0 1  GOVERWXW rFUNDIXG FOR HEAT PIPE XESEARCH PROMISES BENEFIT FOR 
DIEC?STSRS 

Die C a s t .  and V l t .  Xoulding (GB), V 8:7 -8 ,  Nl, 2 r e f s ,  Jan - Feb 1977 
Avai l  :TAC 

So abstract a v a i l a b l e  

I 

! .  

J 

-. 
(E'v'APORATOR DEVELOPMENT, S E R V I E  LIFE) 

Xage, X . ,  ( S t u t t g a r t  Univers i ty ,  Germany), In s t  Fuer Kernenerget ik ,  July 1976, I n  G e r m a p  . L- 

?.vail :STIS 

by a h e a t  p i p e  i n  dependence of working temperature and tilt he ight  o r  ang le  of i n c l i n a -  
t i o n .  
h e a t  c a r r i e r s .  
c a p a c i t y  f o r  s a t u r a t e d  c a p i l l a r y  s t r u c t u r e s .  

(CC-XPUTZR P R O G W ,  SATURATED CAPILLARY STRUCTURES, FLUID FLOW) 

I 

T!?e computing program IXEPIPE a t  hand c a l c u l a t e s  t h e  maximum capac i ty  t o  be t r a n s f e r r e d  

These c a l c u l a t i o n s  can be c a r r i e d  ou t  fo r  var ious  types  of h e a t  p ipes  usinu d i f f g r e n t  
?he f i r s t  .rersion of tibe ?raqramme a t  hand o n l y  calculates t h e  t r a n s f e r  

HP78 40003 i W A L  FOR SEAT PIPE DESIGX 

Xeraann, E. , Koch, Ii., :ire&, H. , Perdu, X., (Dornier Sys t .  Fr ieCrichshafen,  &-many) ,, 
S u n d e s r l n i s t  Fozsc', Tec.h.r.01 5orschcngsber Weltraumforsch W . ,  2 3 1  p., 22  r e f s ,  3ec 17, 
i976, I n  C-e-man with Engl ish a b s t r a c t  

This  S,an&ook, which c o n s i s t s  o f  n a t e r i a l s  d a t a ,  a compilat ion of the  computation 
proceeures  , and ;erfom.ance eoc*n,ents showin: t k e  a f t e c z s  of var ious  parameters ,  has 
beer! ?ct t o g e t h e r  3s a Loose-leaf c o l l e c t i o n .  The materials da t a  con ta ins  the  mst 
important  temperacure-dependent azC tenperature-independent ma te r i a l s  parameters  of  
oreina-y h e a t - t r a c s f e r  Tecia, sone x a l l - n a r e z i a l  e a t a  ana o ccmpz t ib i l i t y  matr ix .  The 
oer fornance  docymencs g ive  t!!e naximuxl values  for  d i f f e r e n t  p r a m e z e r s  and ope ra t ing  
cond i t ions  . - - - -  
(XATZXIXS, COKPUTATION, IERFOW~ICE, ?mwsxas j  

agp l i ca t i cns  stenmizg fzon the  t e s t  r e s u l t s  ~ 

~. 

0-  
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IV. 3. WICKS 

HP78 41000 B O I L I N G  LIHITED HEAT PIPES i N  A ViD-TEMPERATURE iUWNGZ - 150 TO 3OO0C 

Brown, x., (univ.  o f  Wales, C a r d i f f ,  Wales), ASME Pap, 7 p . ,  N77-HT-39 for Xeet., 
1 2  r e f s ,  Aug 15-17, 1977 
Avai 1 : TAC 

This paper desc r ibes  measurements made of evaporator  perfomance f o r  h e a t  p i p e s  
wi th  wicks made from 2 l a y e r s  of f i n e  w i r e  mesh, one being 100 mesh and t h e  o t h e r  400 
mesh formed i n t o  a polygon s e c t i o n  spotwelded t o  t h e  pipe a t  &be ap ices  of t h e  polygon. 
Both Therrex and water are bused a s  working f luid.  

I 

, 

(XICR PERFORiiVCS, THERMEX, WATER) 

I HP78 41001 A STRUCTURED SURFACE FOR HIGH PERFORMWCE SVAPOSATZVE HEAT TEUXSFER 

~ Saask i ,  E.N., Hamasaki, R.H., (Sigma Ilesearch, Inc., Ricbland, WA) , American I n s t i t u t e  
o f  Aeronautics and Astronaut ics .  Thermophysics Conference, 1 2 t h ,  Albuquerque, NM, 
A1.U paper 77-778, 9 p . ?  June 27-29,.1977, NASA-supported r e sea rch ,  A77-37283 
Avail  :?AC 

t r a n s f e r  a p p l i c a t i o n s  t h a t  c o n s i s t s  of a hybrid composition o f  v-grooves and c a p i l l a r y  
wicking. C h a r a c t e r i s t i c s  o f  t h e  s u r f a c e  include both a high h e a t  t r a n s f e r  c o e f f i c i e n t  
and high hea t  f l u x  c a p a b i l i t y  r e l a t i v e  t o  conventional open faced sc:ew th read  sur- 
faces .  W i t h  a groove d e n s i t y  of 12.6/01 and aaanonia working f l u i d ,  hea t  t r a n s f e r  
c o e f f i c i e n t s  i n  the ranqe of 1 to  2 W/SQ CM K have been measured, a long w i t %  ma.ximum 
hea t  f l u x  d e n s i t i e s  i n  excess of 20 W/SQ CM. A peak hea t  t r a n s f e r  c o e f f i c i e n t  in 
excess  of  2 .3  W/SQ CX K a t  20 W/SQ CY was masured w i t h  a 3?.8/CX hybrid surface.  

An evaporat ive s u r f a c e  is descr ibed f o r  heat p i p e s  and o t h e r  two-phase h e a t  

I (EVAPORATIVZ SURFACE, FILM B O I L I N G ,  TWO-PHASE FLOW) 

3 ~ 7 a  41002 TOPICS IN NITRATION 

Yoshida, T. ,  Fujiwara,  IC., Ando, T. ,  (Fac. Eng., Univ., Tokyo, J apan) ,  Senryo To 
Yakuhin,  p. 271-281, 1976, Ir! JagaEese 

NO a b s t r a c t  a v a i l a b l e  

' X I C X  DZSIGX, COMPUTER PROGRAM) 

.I773 41003 STUDISS ON CAPILLARY STRGCTCRES XITH REGARD TO THEIR iiSE I N  CRYOGENIC 
HmT PIPSS 

W O l t ,  PI., ( S t u t t g a r t  Univ, T 3 ,  Germany, F.R., I n s t .  Fuer Kernenerget ik) ,  J u l y  1976, 
I n  Geraan 

s t r u c t u r e ,  s i n c e  t h e  capac i ty  of t h e s e  p ipes  is a l r eady  l i m i t e d  by t h e  p r o p e r t i e s  o f  
.?e l i q u i d  a lone ,  i .e.  low s u r f a c e  t ens ion ,  evaForation hea t  and t h e m a 1  c o n d u c t i v i t y ,  
.::-;h v i s c o s i t y .  
1: deterrnined by t h e  used c a p i l l a r y  s t r u c t u r e .  
0:: t h e  c a p i l l a r y  s t r u c t u r e ,  which is  o f  s p e c i a l  importance i n  low-power cryogenic  h e a t  
F i l e s  (whose s f f i c i e n c y  is always low), has not y e t  been f ~ l l y  s tudied f o r  a r t e r i e s  
and grooves. 
vas measured, and formulae t o  c a l c u l a t e  t h e  c a p i l l a r y  fo rce  were e s t ab l i shed .  

In  cryogenic  h e a t  p ipes ,  s p e c i a l  a t t e n t i o n  mst b e  paid t o  t h e  c a p i l l a r y  

For a known s u r f a c e  t ens ion  of t!!e l i q u i d .  t h e  a v a i l a b l e  c a p i l l a r i t y  
The exac t  i n f luence  of t he  c o n f i q u r a t i o n  

Various kinds of a r t e r i e s  and grooves were tzs ted their c a p i l l a r i t y  

- 7W-?C'*E? RZ:.T-PI?CS, TESTI?IC-, CX?ILLXP."I FL'3W) 

I:.*. c. :QTERI.ALS 

S ? i 8  12000 CORROSION ST'JCIES OF TLWGSTEN BEAT PIPES AT TEAWZRATCRES L J  Tc 2650  C 
0 

Ceicer, F., Quatae t t ,  r)., ( J R C  EUFATOM, I s p r a ,  I t a l y ) ,  I n t  Eeat Pipe Con?, Znd, 
301Ogna, I t a l y ,  v 1:347-356, 13 r e f s ,  Mar 31 - Apr 2 ,  1976, Ptblbl by S u r  Spaco Xqency 
!ESX S T 1 1 2 )  , Ploordwijk, Xetherlands,  1976 
Avail  : TAc 

3Cd xg, X U ,  Cu, G a ,  Ge, In and Sn a s  working f lu i5s .  In most of t h e  hea t  ? i p e s  a 
scrong mass t r a n s p o r t  was Observed, which is a t t r i b u t e d  both t o  s o l u b i l i t y  and the,-- 
chemical i n p u r i t y  corrosion.  The m a t e r i a l  combination X/Ag turned ou t  t o  be nost pron i s -  
ing. A f t e r  a t e s t  of app. 6 hours a t  242OoC no mass t r a n s g o r t  coul6 be de t ec t ea .  How- 
e v e r ,  from t h e  observed i n t e r g r a n u l a r  penetrat ion O f  Xq i n t o  t h e  wa l l  Of the  .ccndensat ion 
zone. t k e  l i f e  t ixe of t h i s  hea t  p i p e  is estimate6 t o  be : k i t e d  t o  about 25 hours.  As 

c o r c s i t y  of the u t i l i z e d  CvD-x ,  longer life t i n e s  could possibly be obtainee with :i of 
h p r o v e d  q u a l i t y .  

% e a t  p ipe  corrosion tests up t o  265OoC have been zade, using CVD-ii as  wall a t e r i a l  

c -..e i i a t e r p r a n u h r  ~nrr?sinn ZVY been anhancpd by ::le ccllcmzsr c t r c c t x s  2r.C tke 

'TTj->!GS3r\ I -  - - * I  XLO'SS,  >'ASS T ~ ' ; S ? O R Y ,  !aATEP.IALS) 19 
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50002 

V, TESTING AND OPERATION 

HP78 50000 IPNESTIGATION OF TYE ' C X f S I S '  OF HEAT XVD MASS TRANSFER I N  LOW-TEAXPERATURE 
SJIC:ZLESS HEAT PIPSS 

Bezrodnyi, X . K .  , Alekseenko, D.V.  , (Kievski i  Po l i t ekhn ichesk i i  i n s t i t u t ,  Kiev, 
Ukranian, tiSS;i) , Teplof iz ika  Vysokikh Temperatgr, V 15:370-376, X a r  - Apr 1977, 
A77-37927, I n  Bussian 

I n  t h e  exger inents  descr ibed ,  t he  mixima1 h e a t  t r a n s l e r  capac i ty  of c losed  
two-phase ther ros iphons  was s tud iod  as a funct ion of  t he  geometr ical  pararr.eters OF 
t h e  a d i c b a t i c  zone, t he  hea t  supply and h e a t  r e l ease  geometry, t h e  type of worlcing 
f l u i d ,  t he  Bressure i n  the i nne r  c a v i t y ,  and the  conten t  of hea t  t r a n s f e r  agent  i n  
t h e  cav i ty .  Water, methyl a l coho l ,  f r eon- l l ,  froon-113, and fzeon-12 were used a s  the  
working f l u i d .  The t e s t  r e s u l t s  a ro  general ized and a r e  used t o  ? l o t  t he  maxinal 
(cri t ical)  hea t  f l u x  dens i ty  aga ins t  t h e  content  o f  heat . ' t ransfer  agent  and o t h e r  
themosiphon Baraxreters for each of f lu ids  t e s t e d .  

(ADIABATIC CCNDITICNS , FREON, METHYL ALCOHOLS, CRITICAL HEAT-FLUX) 

HP78 50001 GRAVITATIONAL EFFECTS ON W E  OPERATION OF A VARIABLE CONDUCTIVE HEAT 
PITE - M.S. THESIS - .  

Owendoff, R.S., (Naval Postgraduate  School,  Monterey, C A I ,  74 p . ,  N77-30419 
Avai 1 : TAC 

in l e n q t h ,  w a s  5=ilti T3.o he-+ pize vas =parated i n  both the convent iuna i  ar.6 YraridDie 
conductance nodes t o  ob ta in  experimentai  da t a  concorning p e r f o m n c e  c h a r a c t e r i s t i c s .  
The inpu t  e lec t r ica l  power w a s  var ied  from 2 0  t o  50 wa t t s  wi th  t h e  hea t  2ir;e ? laced - 
i n  both t h e  ho r i zon ta l  ana v e r t i c a l  pos i t ions .  :?ethanol ana f reon 113 w e r e  selecttd 
as t h e  working f l u i d s ;  helium and k-yptcn were  t h e  non-condensible gases. In  t h e  
v a r i a b l e  conductance mode , l i q u i d  c r y s t a l s  were used t o  observe q u a l i t a t i v e l y  t h e  - 
temperature  g rad ien t s  occur r ing  across  t b e  v a p r - g a s  i n t e r f a c e .  Summarized ?erformance 
d a t a  f o r  t he  var ious  ope ra t ing  condi t ions  and graphs of  t he  i s o t h e r m  obtained from 
Lle l i q u i d  c z y s t a l  da t a  a r e  prasented.  

(GRAVITATIONAL FIELDS , XELIUM, L I Q U I D  C3YSTAI.S) 

A v a r i a b l e  conductance h e a t  ? i p e ,  measurinq 2 . 5  CY. i n  diameter and 152 CH 

EIP78 5 0 0 0 2  F.ZBRiCkTICN AND CCXPANLTIVE PEiZE'ORWCE OF TSREE VARImLE CONDUCTANCE 
XEAT PIPS CONCEOTS 

Pee?les, W . ? .  , Calhoun, L.D., (Mc!Xnr.ell Douglas Astronaut Co, S t .  Louis,  $10) , 
ASSE ?a?, 9 p . ,  X77-ENAS-42 f o r  Meet, 3 u l y  il-14, 1 9 7 7  
Avai 1 : ?AC 

t he  e f f e c t  of  t i s h t  r ad ius  bends i n  t h e  ad iaba t i c  s ec t ion  or. heat  pipe per fomance  and 
(b) consare  the  accuracy of temperature control  provided by " C q "  ana *'wet" concrol-gas 
r e s e r v o i r s  durir?g va r i ab le  conductancs operat icn.  The t:?rf-e hea t  ? ipes  were Teometr icai ly  
s imilar ,  each having a 3 0 . 2  CY evaporator ,  a i2.7 C l  a d i a b a t i c  s e c t i o n ,  and a 2 6 . 9  C r  

Three v a r i a b l e  cocductance h e a t  piges  were f a b r i c a t e 2  i n  order  t o :  (a )  i n v e s t i g a t e  

i 
1 
I 

1 ~ 

! 
i 

7 

condezser.  They wera each ben t  on a 3 . 3  CY zadius  i n  the adiabati:: s ec t ion  t o  foz-n - 
a J-shape. T i l t  t e s t s ,  run to a s t i n a t e  zero-g ?er fornance ,  in? icared  a capac i ty  of , 
approxi .mtely 36 t o  1 3  ; .I-3 with  Freon 2 1  and 39 V+I w i z h  zmonia .  The corres?on?ing 
s n a l y t i c a i  ? r e d i c t i o n s  were 42 and 140 \+?I, respec t ive ly .  Vacuuii chamber tests indi -  
ca t ed  adequate temperature con t ro l  ( 2 9 3  + o r  - 2OK f o r  a hea t  load  turn-down r a t i o  of  
1 0 )  dur ing  c y c l i c  condenser v a r i a t i o n s  between 1 7 2  and 283%. 

- . 

. -  .'-?..4QF.7 .-. - ---\TY?3 CSNT?OL, "I;'= TESTS, LIFE-SUPPORT S Y S X Y S )  
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50005 

3P7S 5 0 0 0 3  TUEELU,9L ENS?.GY STOFAC& DC,YOE;5:?-Y':rJ:; '_iETIT X P  :iL*ILLEUt,lIER CRVWENIC COOLEEl 
I I n t e r i m  Report June 2 ,  1975 - Augus t  3 1 ,  1976 

Richter ,  R . ,  (Xerox Slec t ro-Opt ica l  Systems, oasadena, C A I ,  Feb 1977 1 
Work performed under t h e  the-nml energy s torage  lemons t ra t ion  u n i t  program is discussed .  

The a m l y s i s ,  des ign ,  f a b r i c a t i o n ,  and t e s t i n g  of a thermal energy s to rage  clemonstration . 
u n i t  which w a s  t o  be m t e d  t o  an e x i s t i n g  vuillc*mier cooler  (&""LiR) t o  demonstrate t he  con- ~ 

c e p t  of powering such a device d i r e c t l y  with s tored  t h e r n a l  energy a r e  ? resented .  T3.e , 
t h e r n a l  enerqy s to rage  demonstzation n n i t  was to be s i zed  f o r  deliver-.fing 1 0 0 0  w a t t s  t h e m a l  ~ 

power fo r  one hour a t  a temperature of 1250 + or -25OF. The t e rna ry  e u t e c t i c  6 4  XGE2 
-30 LIF -6 KF, which has a e u t e c t i c  temperature of 1310F, w a s  s e l ec t ed  as t h e  t h e m a l  snergv 
s to rage  ma te r i a l .  
incorpora tes  a hea t  p ipe  for t he  t zans fe r  of energy f ron  the, :her ia l  snergy s to rage  material 
t o  the  hot  c y l i a d e r  of t he  vuilleumier cooler  a r e  presented.  Cetails  of t h e  fabricatLon 
and t h e  t e s t i n g  of t h e  t h e m 1  enerqy s to rage  demonstrat ion u n i t  a r e  presented.  The a n a l v s i s  
of t he  t e s t  d a t a  l ed  t o  t h e  conclusion t h a t  t h e  b a s i c  design s a t i s f i e d  a l l  requirements 
t h a t  were e s t ab l i shed  for a t e s t  u n i t .  T h e  thermal. energy s to raae  m a t e r i a l ,  however, w a s  
found t o  apparent ly  r e l e a s e  i ts  l a t e n t  hea t  of fu s ion  over  a wieer temperature range than 
had been an t i c ipa t ed .  This  f a c t  can be a t t r i b u t e d  t o  nonisothe-mal phase t r ans fo rna t ion  .or' 
a bulk t h e m a l  conduct iv i ty  t h a t  i s  lower than Sad been assumed for t h e  s a l t .  

(TZKVARY EUTECTIC, LATENT HEAT, FUSICN TE?IPFRATURE , PHASE TRAXSFORUTION) 

The approach and the  assunpt ions underlying t h e  des ign  of  t h e  u n i t  which , 

. .  

HP78 50004 CCMMZRCIAL OPTIONS I N  WASTE H E X  RECOVERY EQUIPMENT 

Rohrer,  W.M., Jr., (XBS, Washington, DC) , (FEA, Washington, 3C), Univers i ty  of Pit tsburgh.,  
P i t t sbu rgh ,  ? A ,  Feb 1977, Waste Beat Yanagement Guidebook, Xre ieer ,  K . G . ,  X c N e i l ,  X . B . ,  - _  
ed . ,  NBS-Handbook - 1 2 1  

Common types of waste hea t  recovery equipment used in i n d u s t r i a l  p l a n t s  a r e  d iscussed  
i n  some d e t a i l .  
i n d u s t r i a l  hea t  exchangers a r e  descr ibed:  
tion recnpetatar3, heat wheels, heat_ p ipe i  hszt  exrhanqers ,  ?as o r  liq:id-to-liq:id reqen- 
e ra tors ,  waste hea t  b o i l e r s ,  and hea t  pumps. 

?he opera t ion  and perfo-mance c h a r a c t e r i s t i c s  of t he  fol lowing tvpes of- 
gas-to-gas u n i t s  inc luding  r a d i a t i o n  and convec- 

- 
fRECIJPEX4TORS, ?.ADIATION, C C ) N E C T I O N ,  IXCUSTRIAL EQUIPMENT) 
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Spyridonos,  A.V., (Cent. Rech. Nucl.,  Athens ,  Greece), Rev. Phys. Appl . ,  p. 439-446 ,  
I n  French 
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022coo  
0 5 0 0 0 3  
02200F3 
G24000 
0 2 2 0 0 8  
022003 
941C.03 
0 5 0 0 0 2  
0 3 0 3 0 7  
C220Cd 

- Li31C04 
3 3c) 003 
030GG3 

- -  0 2 3 0 0 3  
C23001 

. z 0 2 3 0 0 1  
331305  

- _  d31008 - - -023OaS 
0 2 3 0 0 6  

- G 2 4 0 0 3  
' C23002  

* C?1OL l lo  
G53033 
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P/ Z H E Y I C A L t  M E T H C D S T  S f 3 ? I \ I G  THERMAL E Y E R G Y V  C H E M I C A L  d E A T -  
F L A T  P L A T E /  A N A L Y S  1 s t  DES I G ' q r  THERMAL ? E R i C p Y A \ C E 9  T E S T f \ I G r  
U R M A f S C E t  P R E D I C T I O N  ~ N A L Y S I S T  T r iERMAL P E R F C R M A N C E #  / I  P E  P E R F  

I S T I C S 9  : A S - F I L L E D 9  ~ Y N A H I C S T  T H E R M A L  S T A b I t i T Y  9 E R R 3 R  A U A L Y  
ICs, FLJSION r f E A T t  / M L I D E L I N S T  T 4 i E R M A L  S T G K A G E  D E V I C E 9  E U T E C T  
I O N  H E A T 9  N U M E R I C A L  S C L U T  I O Y T  T H E R M A L  S T O R A G E #  / T E C T I  CS, F U S  
C G L L E C T O R ,  T q E O R E T I C A L  Y G D E t i  T i l E R M 4 L  T E S T  D A T A 9  H E A T  TRAFISF 

GAS C O N T R O L T  C I /  CONTP,OLp THEAMMAL V A R I A R L E S .  H f A T  T R A N S F  
4L  USE, H 3 S P I T A L  E N G I N E E R I b S 9  THERNAL A H E E L ,  hEAT-PIPE R E C J P  
M I T E 0 9  H I D - T E P I P E R P T U R E  R A V G E  T T t i E i l M E X 9  k I C K  PERFCIRMAYCET W4T 
G Y  S E C O V E R Y 9  C O /  M E T H A N A T Z O Y t  T H E R M d D Y M A M I C  E F F I C I E N C Y 9  E V E R  
GY R E C J V E R Y T  CJ/ M E T H A h A T I 3 ' J t  T H E R H O I Y h A M I C - E F F  I C I E I U C Y ,  EhER 
A C E ,  D E S I G l 4 9  I S O T H E R M A L #  T HERHO E L  ECTR I C ,  k EAT- P I PE F U ? N  

A T  J R E T  Y A T H E M A T /  C0 '4PUTAT I C U T  T H E P M A L  s E S I S T A R C E ,  LOW-TEYPEP 

VEEOUS Y I  XTURE S, G A S O L  I N E - A I  3 T T i E R M O E L E C T R I C ,  N U C L E  AR-SPACE 
L O E S I G N p  H E A T - P I P E  & A D I A T G R t  T H E R H 3 E L E C T F I C T  N U C L E A R - P A C E  
T - T P A N S F E R t  C L O S E D  T h U - P H A S E D  THERMOSIPHOIVST DESIGN P A R A M E T E  
E F F E C T S T  V A R I  AELE COVOUCT I V E T  T H E S I S 9  S 2 A V I T A T I C N A L  F I E L D S I  
OYCEPTSV TE.YPERATIJRE C O N T R O L ,  T I L T  T E S T S  s L I F E - S J P P C X T  S Y S T E  
OR C O O L I V G T  H E A T /  E V 4 L U A T I O h T  T J K A W A h  FUSICN R E A C T O R S r  2 E A C T  
R E 9  M E C r l A N I C A L  D R A F T ,  C O O L I N G  T O H E R S T  k A S T E  H E A T  R E C 3 V E A Y q  d 
3 J E L 9  T d E R N A L  T E S T  D 4 T 4 r  H E A T  T K A N S F Z R  E L E M E h T S d  / I l R E T I C A L  t.1 

CH4 '4GE9 S C L A /  C C h i V E C T I V E  H E A T  T S A N S F E R t  C Y L I N 3 R I C A L  t HEAT E X  
O J C T A V C E V  H E A T  T R A : ~ S F E R T  YASS T R A N S F E A ,  D E S I G N 4  I A R I A B C E  C O N  
I P E  ABSGRBER,  C O N V E C T I V E  HEAT TRAlLSFERT ENERGY C 3 N V E R S I G N f f  / 

 EAT sn . \or r r .>  G'dFEPE?dCE, SECCPd39 1 9 3 6 9  I ~ A I Y ~ I - C R ~  EUR S P A C E  A G E N C Y 9  5 9  
T R O L  9 T H E R M A L  V A R I P B L E S T  H E 4 T  T R A N S F E P T  G A S  C C N T R O C r  C I R C U L A  
NTr SURVEY,  A P P L I C A T X O N T  HEAT T R A N S F E R 9  H E A T  I N G T  R E V I E W d  / Y E  
K L E S S  H E A T - P I P E S ,  / H E A T - M 4 S S  T R A N S F E A T  L O h - T E M P E R A T ' J R E r  W I C  
D t  V A R I A B L E  CONOUCTANCE,  H E A T  T R A N S F E R ,  ' IASS T R b ' J S F E ?  9 D E S I G  
G T  SGJIU;.I, 6 3 A X I A L /  d E A T - M A S S  T R A N S F E K V  M A T H E d Y A T I C A L  Y O D E L I N  
T I O N 9  S O O I U Y 9  S U P E R S C N I C  H E A T  T R A I L S F E 9 9  f l A T H E i 4 A T I C A L  Y C J E L S #  

H E A T - P I P E S ,  HEAT T R A N S F E R ,  C P E R A T I Q ~ T  S V ' E Q V I E d 3  
I F U G A L ,  C O A X I A L 9  DESIGN? H E ~ T  TGA:JSFE?* WORKI .JG F L J I I S T  M O T E  

P A R A Y E T E R S T  F L U ! @  F L L I ~ ,  H E A T  T R A N S F E P , d  / E K M C S I P H C : 4 S 9  D E S I G ? d  

Y C L E ,  H E A T - P I ? E  T E S T i N r J .  -1EAT TRA>4SFER;f / k T t  1976, 9 R 1 Y T J h  C' 

T E  T E Y P E R A T U ?  E C S K T R C L  , P Y A S E  T R A N S F C R H A T  I OP4 T EIYPERATURE CC 
A T 9  F d S l 9 N  T E Y P E P A T J ? E t  P H A S E  T S L h S F 3 R 4 A T I Z b d  / I C *  L A T E N T  HE 

D I U Y T  C O A X I A L  H E A T - P I P E T  H E A T  T R A N S F E R $  i A T I C A L  'qL73EL I N S T  S O  

I P E S 9  ENERGY COPJVERSICINT h E A T  TRAI\JSFER+ / C h l S r  C O A X I A L  H E A T - P  

L I T Y T  ERkOP 4 N A L Y S I S t  L A P L A C E  T R A N S F S R Y r  C C M P L E X  Ti-IEq'4AL E F T  

€ 3  D E S I S : J ,  ZERO G R A V I T Y 9  H E A T  TRANSPCRT C A P A B I L I T Y Y e  / U T E R I Z  
E 3  O E S I G I J ,  Z E 2 O  G R A V I T Y 9  H E i T  T R A k S P C R T  C A P A ~ I L I T Y T  # / U T E R I Z  
N G S T E N I  T U N S S T E N  A L L O Y S p  MASS T R A N S P C P T ,  M A T E F I A L S d  / IES9 T U  
€ - L I N E S ,  D I S T R I C T  ' i E A T I /  H E P T  T R A N S P C J ~ T A T I ~ N T  H C T  H A T E R 9  P I P  
C T C R 9  HEAT P I P E  A b S O h R E Q t  CS/ T ' J J J L A R  E V - A C U A T E J T  S Z C A Q  C G L L E  

C O K R 3 S I L ' J  S T U D 1  E S P  TUFiGSTE'I  T T J i C S T E i J  A L L G Y S T  '!ASS T X A N S P C k  
S T R A N S P O /  C O R C L S  I C Y  S T L ' 3 I E S T  T I lVLSTE ' l v  T U h G S T F  N AL LJ' YS, M A  S 
ANGE S T  V A 2 5 R  D g C T T  CCRDDCPlSER T T k O - P H A S E  FLCW 9 CCYDEIVS ER, H I G  
R C T I v E  SL;RFACEv  F I L Y  3 3 I ~ I t q ; ~  T d O - P i A S E  F L C w d  / A N S F E ?  T E V A P C  
E Q & T I I R E  R A U S E  100-3523C. R E F /  Tr(cl-Pq4ASE n 0 2 K  I U G  F L J  1 3 S T  T E Y P  
'44X I Y J . 4  P E P T - T ~ C L S F E ?  CL3SE3 Trr I I -PdASEJ T H E R ' 4 C S I  ?+iJ l \S G f S  I 
D E ; I A T \ J 9 E  C C N T ? G L  r T f j W P E P A T d I E  J X I F C P Y I T Y #  / C C i . J S E Q V I T I O N t  TE ' I  

02 LOO2 

030001 
031 008 
031003 
022021 
0 2 2 0 2 1  
022009 
331 GO2 
0 2 2 0 1 1  
041 000 
022023 
021000 
0 4 0 0 0 4  
021005 
023000 
031001 
050001 
05C002 
022CC7 
022009 
C22008 
022 01 6 
0 ! 3 0 0 4  
022022 
0 i O O i ) O  
031002 
010001 
053000 
030004 
030009 
031 004 
013003 , 

0 3 1 0 0 7  
030L700 
031ci01 
0 Z i ) O O l  
0 2 2 3 G 3  
u31000 
323C01 
050003 

0 2 3 0 0 9  
3J-042000 
. 0 2 2 0 0 4  
0 2 2  022  
0 4 2 0 0 3  
G42 0 0 0  
C310C6 
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3 2 2 c  18 
L31C3i 
3 2 2  C 15 

0 2 2  ooa 

030002 
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E h E R G V  S T Z R A G E ,  D E Y O P ~ S T R h T I 3 U  
P I P E - C I N E S ,  D I S T R I C T  H E A T I N S ,  
R Y /  E h E R G Y  R E C O V E R Y 9  H O S P I T A L  
A T  ?UP?, I N D ' J S T F Y ,  A A S T E - H E A T  
S T E  H E 4 T  RECOVERY,  H A S T E  d E A T  
R ENERGY CCNVEPS I O N ,  G C ' J U D A I Y  
t FUEL E C O ? i 2 Y Y ,  A U T i j ' 4 C a S L E  E /  
G A S O L  I N € - A I R ,  T H E K Y J E L E C T R I C /  
T E ~ P P E P ~ T I J R E - P P E ~ S ( J R E  CHCF~GESI  

EXCHANGE,  FR I C T  I O ' h r  SUBSONIC 
EXCHANGE, FR I c T I C\I , s u 6s a:dI c 

Y t  F L U I D  F L 3 r ~ 9  L I Q U I 3  M E T A L S ,  
E L S p  A R T E a Y  P /  E X C E S S  L I a U I 3 r  

U N I T ,  V U I L L E U M I E P  C F Y O J E N I t  C O  
J R B A N  PLAVt 'd ING,  h E 4 T - P I P E  H E A T  
U S E ,  q!iSi'I T A L  €?4GI!qE€XI  ,UGT T H E  
J T I L I L A T I O ' ~ ,  T E i l P L I F I F 3  8 HE 
L J T I L I Z A T I U P I #  / C L I h G  T O r J E R S  T d A  
V A L J E  ? q o a L E t - i b  ILLECTCQ S, SOLA 
V A P l P E 9  G A S C L I N E - A I R ,  4 I X T J R E S  
V A p i P E ,  H ~ ~ C G E N E ~ U S  Y I X T ; : E S ,  
VAPOR O'JCT 9 CO3DEENSE7 T T!dO-PHA 
VAPLR F L U X 9  F O R C E D  CUNVECTICK, 
VAPOR F L J X ,  H I G H - T E M p E R A T U ? E ,  
VAPOR PHASE# /, C C M P R E S S I B I L X T  
V A P 2 9  S P G t E S t  M A T H E Y A T I  C A L  MOD 

I 
0 5 0 C 3 3  
022001, 
022011 
G 2 2 0 0 c )  
02'2009 
022 01 6 
0220 13 
0211 c 0 5 
031006 
032033 
031003 
032003 
032001 

L4SEq p L A S E R  A C T I C N ,  B IS;4UTH VAPOR,  L A S E R S ,  RISt'lUTH H E A T - P I  021004 
c a I L E  ENGINES, HEAT-PIPE FUEL VAPWIZEW /UEL E C O N ~ U Y ,  A U T O M  021000 
Oi3Il .E ENGINES,  H E A T - P I P E  F U E L  V A P O R 1 L E k ; f  /?)EL E C 3 N 3 ' l Y  A I I T 3 H  
A L C g L A T I 3 h V  t i I S H - T E Y P E R A T U R E  9 VA2GUR FLUh, F R I C T I L ' J t  V E L C C I T  0 3 2 0 0 0  

S R A V I  T Y  E F F E C T S  9 G A S - L U A J E I r  V A R I  A B L E  CO?iO'JCTA2lJCEc t i E A T  T ? 4  030004  
13N, C C Y P A R A T I V E  P E R F 3 R M A U C E ,  V A R I A a L E  CGiJC)UCTCF;CE, C C N C E P T S  050002 
P 4 V I T /  S F A V I T A T I C N A L  E F F E C T S ,  V A R I A a L E  C C ? J D U C T I V F ~  T i E S I  S T  G -: 050001 

- 031002 C C N T Q Z L ,  C I /  CCNTRCIL,  T H E R M A L  V A R I A d L E S ,  H E A T  T R A l J S F E R ,  GAS 
B A C K  CONTKOLI  G A S  F L Z h ,  FCHP,  VCHP# / I V E L Y  C C N T R C L L E 3 r  F E E 3 -  032c32 
A T U R E ,  VAPGUR F L O k ,  F P I C T I O Y ,  V E L O C I T Y  P k O F I L E ,  C C Y ? R E S S I B I L  032CGLI 
P E P  H E A T  EXCHAUGEES,  H E 4 T  A I D  4 E N T  ENS., O V E R V I E d #  / H E A T - P I  013002 
K A q T E R Y  H E A T - P I P E S ,  H E A T I l U S ,  V E N T I L A T I C N v  A I Q - C O N J I T  IONXYSlf - Olr)004 
' / E 9 Y ,  P A Y B A C A ,  S P A C E  HEATING, V E N T I L A T I O N r  I h S T I T U T I O N A L  E Q 3  022036 

' 022510 ' 

S T Q R A G € ,  D E M O N S T R A J l S h  U N I T ,  V J I L L E J ? 4 I E R  C R Y U G E U I C  CCICILEP, 
9 R E C U P € /  C G Y M E R C I 4 L  G P T I i l N S t  WASTE Y E A T  R E C C V E P Y  P EaUIP iYIENT 
A Y I C A L  DP.AFT, C G J L I N G  T Z d E P S ,  A A S T E  H E A T  R E C E V E R Y ,  r14STE HEA 
P E  4EAT E X C H A N G E R ,  T E C H N I a U E t  M A S T €  H E A T  R E C C V E R Y r  PROCESS H 
L A I Y I f i G e  D I 3 T Y v  E X H A U S T - Y E A T ,  d P S T E  H E A T  R E C C V E R Y ,  H E A T - P I P E  
F 1 3 7 7 9  C A P I L L A R Y  d E A T - P I P E S ,  A A S T E  H E A T  R E C G V E R Y I  / p  S P I N J F  

T U ~ E R S ,  H A S T E  H E A T  ' I E C O V E R Y r  H A S T E  i E A T  U T I L I L A T I O N d  / Q L I N G  
L U T I G N  C C N T P U L ,  I U C I N E R A T 3 R S ,  d A S T E - H E A T  P ECCVEFY,  H E A T - P I P 5  
F I E 3 d  H E A T  P U Y P ,  I N J U S T R Y ,  N A S T E - H E A T  U T I L I Z A T I G Y I ,  TEI ' . lPLI 

053003 
- 05C004 

022 G O 9  
C 2 2 C 1 4  
0 2 2 0 2 0  
0 2 2 0 1 7  
0 2 2 0 0 9  
022005 . 
02.2000 
022 004 
041003 
O24GOO 
023006 
c 2 2 0 1 1  
041002 

- O4lGO0 
(350000 
023005 

- -  9310G7 
- 0 2 2 c 1 9  

0 3 C 0 0 2  - 1 5 2 2 0 1 8  
2 I L50003 

022003  
oLocoo 

i C 2 2 C 1 7  

- 0 2 3 0 0 9  
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33301  I R I A R T E I  W.3. 
A L L  C L I Y A T E  I E A T  EXCPA%GEH J V I T  w I T i  AL IJUSTADLE T E q P E P A T U X E  

A V D  D E F 3 C S T  C i r J T F 3 L  
U o S o  P A T E N T  4064932 
DECEMBER 2 7 ,  1977  

I 00305 NUVCIRYTAt J.R, L)AdSSNt F o W o  
;AS F I L L E D  S r r € V E L  J O I N T  F G R  C R f O G E N I C  H E A T  P I P E S  -, - ~ 

1 

I 9 - S .  P A T E U T  4 0 b 9 8 6 4  
JAN'JARY 2 4 t  1976  

30302 S C H ~ H A I V ,  G - A *  
3 E V E L C P I  NG ROLLER A P P A R A T J S  FOR REPRZOIICT I O N  M A C H I V  ES 

D E C E M B E R  279 1977 
3 . S o  P A T E Y T  4064933  

30303 O H T A N I r  I .  T A < A h 4 S H l r  H 
METHOD FOR P30DUCING HEAT P I P S  U N I T S  
U.S. P A T E N T  4066115  
J A N U A F ~ Y  3 ,  1978  

30004 

- -:_ 

00005 

A Q C E L L A ,  F 
NOVEL r lEAT P I P E  C O : 4 B I i ~ A T I C Y  
U. S a  P A T E N T  GO67237 
J A N J A R Y  L J p  1978  

FEHLNER,  FOP. ClRJABASl ,  iJ. 
SOLAR H E 4 T  P I P E  
U o S o  PATENT 6067315 
J A N U A R Y  10, 1 9 7 8  

-. 

- P 

33307 K R O E B I G t  H o L o  
F U S I B L E  H E A T  S I N K  FCR A G R Y L J G E U I C  R E F R I G E R A T Q P  
J.S. P A T E N T  4079593 
M A R C H  129 1978  

i 
00008 i A U P P A J G E ,  F o E o  H A S L E T T I  R o A o  - * -  

H I L L S ,  D o  P L  A I '4V I E f l ,  3 E S o  

. -  q E 4 T  P I P f S  T 3  USE -4EAT FR3H L I S 4 1  F I X T J a f S  
i l ~ .  P A T E N T  6oaio23 
Y 4 Q C H  299 1 9 7 8  
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